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Abstract

This research presents a study of the maximal coverage p-median facility location problem

as applied to the location of an imaging radar in Canada for imaging spaceborne objects. The

classical mathematical formulation of the maximal coverage p-median problem is converted into

network-flow with side constraint formulations that are developed using a scaled down versio:, of

the imaging radar location problem.

Two types of network-flow with side constraint formulations are developed: a network using

side constraints that simulates the gains in a geaeralized network; and a network resembling a

multi-commodity flow problem that uses side constraints Io force flow along identical arcq. These

small formulations are expanded to encompass a case study using 12 candidate radar sites, and 48

satellites divided into three states. SAS/OR PROC NETFLOW was used to solve the network-flow

with side constraint formulations.

The case study shows the potential for Foth formulations, although the simulated gains for-

mulation encountered singular matrix computational difficulties as a result of the very organized

nature of its side constraint matrix. The multi-commodity flow formulation, when combined with

equi-distribution of flow constraints, pr-vided solutions for various values of p, the number of

facilities to be selected.

x



LOCATING AN IMAGING RADAR IN CANADA

FOR IDENTIFYING SPACEBORNE OBJECTS

L Introduction

1.1 Background

The military mission of space surveillance is to detect, track, identify, and catalogue all

man-made objects in space (28). This is primarily done with optical cameras and sensors located

around the globe that provide information on observations to the Space Surveillance Center (SSC)

located in the Cheyenne Mountain Complex in Colorado Springs. The SSC occasionally obtains

observational data from non-optical sources such as the Haystack Imaging Radar at MIT, and the

target tracking imaging radar at Kwajalein Atoll. Both of these imaging radars are effective for

identifying objects in space, but are only available to SSC on a limited basis.

Canada has had an active role in the space surveillance mission to date and desires to continue

with that mission. To date that involvement has been with NORAD and with optical cameras

for tracking. The Canadian National Defence Headquarters (NDHQ) through the Directorate of

Air Requirements (DAR) has requested that a study be done on finding the optimal location in

Canada for an imaging radar similar to that at Millstone (Haystack radar). The principle behind

such a radar is that it can be used to radar image a satellite's characteristics, and together with

orbital elements of that satellite, an attempt can be made to determine the satellite's mission and

capabilities.
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1.2 Research Problem

The objective of this research was to investigate the application of facility location method-

ology to the problem of locating an imaging radar in Canada for the identification of spaceborne

objects. This class of problem is referred to as a facility location problem. To solve this prob-

lem, the factors affecting an imaging radar's resolution must be identified, and candidate locations

evaluated. Conditions at these sites must be determined and a best site chosen on the basis of

these factors and other conditions identified by NDHQ/DAR. A suitable optimization method or

methods must be used to determine the "best" solution. This was accomplished by solving the

following sub-problems:

"* Establishing a list of potential site locations.

"* Determining the field of view of an imaging radar for observing spaceborne objects at each

of the potential site locations.

"* Determining the environmental factors affecting an imaging radar's capabilities.

"• Comparing the orbits of the desired spaceborne objects (satellites) with the capabilities of an

imaging radar.

"* Formulating a facility location model given the determined restrictions and available sites.

A literature search was performed to determine possible methods and is presented in Chapter 2.

1.3 Scope

NDHQ/DAR had requested that this research be for a single site location, but that the model

be flexible enough to choose multiple sites should the requirements change. The research should

consider existing military sites due to current government reductions in military spending, but

does not necessarily have to be limited to solely military sites. NDHQ/DAR stated that additional

restrictions may be imposed, but none were put forward during the time frame of this thesis.
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1.4 Assumptions and Limitations

The imaging radar is designed to obtain radar images of satellites or space objects that the

user is interested in. In other words, the user does not know the capabilities or purpose of that

satellite and wishes to find out. Most of this class of satellite would be of the reconnaissance or

intelligence gathering type and information on these satellites is classified and unavailable to this

researcher. However, the satellites would have to pass over North America to be useful and a

group of orbits was chosen that would fit this mold. A user of the imaging radar would have more

complete information on the type of orbit and frequency of observations desired and would be able

to implement them in the model constraints. It is also assumed that the satellite is always pointing

towards its NADIR or some other constant direction. Any additional rotation would only enhance

the imaging radar's imaging process and is not taken into account (worst case assumed).
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II. Literature Review

2.1 Facility Location

Not much research has been performed on solely military facility location problems, but

analogies can be made between military facility location and the current research on facility location

models. The literature of facility location models generally concerns itself with problems of locating

one or more new facilities in relation to a set of existing facilities, usually with regards to minimizing

transportation costs or maximizing profits (17:1129). The usual assumption made is that some cost

component exists between each new facility and each of the existing facilities and that this cost can

be modelled with a set of numerical equations.

The Weber problem formulated by the German economist, Alfred Weber, allowed each dis-

tance to be multiplied by a given weight and was stated as:

3

Minimize wil2 (x - ai, y - bi) (2.1)
i=i

where:

for i = 1, 2, 3, wi is the positive weight associated with existing facility i,

(ai, bi) is the location of existing facility i,

12(-, .) is the Euclidean norm, and

(x, y) is the location of the new facility to be determined.

The existing facilities are assumed to be distinct and non-collinear. Normally an iterative procedure

can be used to solve the problem if there is an absence of constraints on the new facility location. A

geometric solution to this problem was also demonstrated in this article(17:1130), but it is unlikely

that this method would be practical for the imaging radar location problem.

One of the most basic location models is the "simple plant location problem" also known as

the uncapacitated facility location problem. The problem is to establish a number of facilities with
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enough capacity to meet all demands. The equations are solved to obtain the lowest cost alternative

considering both facility costs and transportation costs (10:281). The constraints ensure that all

locations are serviced by at least one facility, and that the selected service facilities are open. The

system of equations for this model is as follows:

Z=Min E ]cqiii +EhY (2.2)
i 3 3

subject to:

Si 

= 1 V i (2.3)

E dixij < sj yj Vj (2.4)
i

0< xijl, 0<yi•l, V iandi (2.5)

yj integer for all j (2.6)

In this formulation, i represents the clients and j the sites where facilities can be located

(both assumed to be finite), cij is the transportation cost incurred if all of client i's demand is

met from facility j, and fj is the fixed cost of operating facility j. The demand of the client i is

represented by di > 0, and the capacity of facility j (if it is open) is sj > 0. The decisions to be

made are represented by the variables yi (1 if facility j is open, 0 otherwise), and xij, which is the

fraction of the demand of client i met from facility j.

This problem is similar to the "p-median" problem which seeks to place p facilities, instead

of one, among the demands (14:450). It seeks to minimize the average distance or time between

facility and servicing locations. The formulation of the problem is similar to the one above and

ensures that each demand point is serviced by the nearest facility. Both of these problems can be

solved using standard linear and integer programming techniques, which although inefficient, do

work when the problem is small enough, or the computer powerful enough.
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The two facility location models mentioned previously are deterministic in nature because the

data for the problem (distances and demands) are assumed to be constant and known quantities.

Whenever any or all of these quantities are random variables, such as the distance or track of the

next unknown satellite passing nearby, the problem becomes probabilistic in nature. Mirchandani

and Odoni (22:86) propose the following formulation to deal with the p-median problem with k

states:

K

Minimize E : I Qkfikdijkzijk (2.7)
k=l icl jEl

subject to:

xzijk, 1 V icI and k= 1,...,k (2.8)
jel

ziiL < Xji, V i, jcI; i 0 j; and k = l,...,k (2.9)

EXjj =p (2.10)
j ci

The above formulation seeks to minimize the weighted sum of the travel distance over all

possible states. The probability associated with each state, Qk, provides the weight. The variable

xijk takes on the value of one when demand point i is assigned to facility j in state k. Therefore,

this type of formulation allows for facility assignments (xjj equals 1 or 0) to vary from state to

state based on the value of dik which could represent varying travel times based on time of day.

The previous formulations have been based on minimizing distances and costs. In some cases

one has to maximize a distance such as locating the radar away from interference sources or in

locating undesirable facilities (obnoxious facilities) such as garbage dumps, a chemical plant or a

nuclear reactor (12:275). Another term for this type of problem is "maximin" which implies that

some of our functions are being minimized (travel cost is still a factor) while others are being

maximized (but no one wants to live close to the dump). This type of problem formulation is much
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more difficult and objective weightings have to be given to various portions of the equations. These

relate to the degree of desirableness or undesirableness of the various distances and costs.

2.2 Maximal Coverage Problem

The maximum coverage location model has been used widely in analyzing locations for public

service facilities by trying to optimally locate servers so as to maximize the expected coverage of

demand. An example is trying to locate a fire or police station such that it can serve the most

number of residents. Daskin (11:48) extended that model to account for the chance that when a

demand arrives at the system it will not be covered since all facilities are engaged serving other

demands. In the maximal coverage location problem, nodes are weighted according to the demands

generated at the nodes, and in the set covering problem all nodes are weighted equally. Daskin also

states that it is worth noting that restricting facility locations to nodes on the network has resulted

from a simplifying assumption that was designed to make these type of problems computationally

feasible. "Location on the nodes only, may not be optimal" (11:49). The traditional maximal

coverage location model formulated by Daskin is as follows:

Maximize E (2.11)
k

subject to:

y - E akiXi < 0 k 1...,N (2.12)

i

Xi=O, 1 i I,..,N (2.14)

yA 0, 1 k-- .. ,N (2.15)
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where:

hk = demand generated at node k{ 0 if node k is not covered

1 if node k is covered

I 0 if a facility is not located at node i

I if a facility is located at node i

I 0 if dki > D-a facility at i does not cover demands at k
ak~i =

1 if dk, < D-a facility at i covers demands at k

M = number of facilities to be located

N = number of nodes in the network

The objective function in this formulation maximizes the demand that is covered. The first

constraint states that node k cannot be covered unless at least one of the facilities is located at one

of the nodes i which cover node k. The second constraint states that at most M facilities are to be

located and generally this constraint will be binding.

Developing upon this maximal expected covering location problem is Batta and Dolan (1)

who build into the model the possibility that a server may be unable to respond to a new demand

because they are answering another call. They discuss three ways of improving upon Daskin's

solutions and techniques:

"* use a post-integer program analysis procedure

"* use the adjusted maximal expected coverage location problem objective function (correction

factors)

"* use the hypercube optimization procedure

The use of a maximal service distance as a measure of the value of a given locational configu-

ration has been thoroughly discussed by Toregas and ReVelle (27) who show that it is an important

measure of the value of a given locational configuration. For a given location solution, the maxi-
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mum distance which any user would have to travel to get to a facility would show the worst possible

performance of the system. As an example, the maximal service distance has been used often in

the regional location of emergency facilities such as fire stations or ambulance dispatching stations.

However, it is possible that a solution may yield a distance value larger than a maximum desired

distance, say S. If that is the case, the decision maker may shift his attention to the total popu-

lation covered within S. Since the resources are insufficient for total coverage within the distance

desired, the decision maker may try to cover as much as possible within the given distance, S, using

his limited resources. In other words, if there is not enough facilities for total coverage within the

desired distance constraint, he will try to locate the facilities such that as few people as possible

lie outside the distance, S.

This type of problem is known as a Maximal Covering Location Problem and is formulated

as follows:

Maximize z = Zaiyi (2.16)
iEI

subject to:

E ý! yi V iEI (2.17)
jENi

Exj = P (2.18)
j eJ

xV= (0,1) V j E J (2.19)

y,= (0,1) V iE E (2.20)

where:

I = denotes the set of demand nodes

J = denotes the set of facility sites

S = the distance beyond which a demand point is considered "uncovered" (the value of S can be

chosen differently for each demand point if desired)
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dij= the shortest distance from node i to node j

I if a facility is allocated to site j,-j
0 otherwise{i 1 if a demand exists at demand node i

0 otherwise

Ni = {j E Jjld3 , S)

ai - population to be served at demand node i

p = the number of faclities to be located.

Chan, Forgues, and Kelso(8) show a variation of the p-median problem where one attempts

to place p facilities among K demand points and minimize the average distance or time between

facility and serving locations. This generalizes the formulation to include demand at various states

of the system. This maximal coverage problem is expressed as:

IIl IJI K

Max EZEZ Wijkxijk (2.21)
i i k

subject to:

Yj - xijk Ž0 0 V i, j ,k (2.22)

I IJI

i
Xik = {0, 1} (2.25)

• = {0, 1) (2.26)

where:

i represents the demand, that is the satellite requiring imaging, which is a member of the set I;

j represents the facility, that is the radar site that is doing the imaging, which is a member of the
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set J;

k is the time period, in this case the month;

wijk is the frequency of observations of satellite i by station j in month k;

zijk is a binary decision variable that describes whether satellite i was imaged by radar site j in

month k;

y, is a binary indicator that describes whether a facility is in place or not;

dk is the required number of observations of a satellite by a radar during month k; and

p is the number of facilities to be located.

The authors note that "rather than an all-or-nothing assignment of facility to a demand,

several facilities can be used to satisfy the demand."(8:5)

2.3 Networks

The Chan et al. (8) paper goes on further to present the maximal coverage and set covering

problems as a network with gains model. They note that although p-median problems have been

represented by bipartite graphs, the inclusion of the costs of serving demands in various states in

the coverage constraint destroys total unimodularity in the constraint matrix and eliminates the

use of a pure network construction(8:7). They thus introduce a generalized network (network with

gains) and demonstrate a solution to the maximal coverage problem using three demands and three

facilities in three states. A solution is given for p = 1,2, 3 facilities to be located.

An assumption taken by this paper is that "network algorithms are computationally more

efficient than regular integer linear programming techniques." (8:11) However, given that total

unimodularity is no longer present, it is wondered if the network with gains formulation will still

yield an integer solution.

In a thesis by Forgues (13) several methods were used to obtain integrality. Again it was noted

that a pure network flow formulation could not be obtained(13:42). Using a network flow package,
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Forgues confirmed that the solution using network flow programming would not necessarily yield

an integer solution since the node-arc incidence tableau was not totally unimodular.

Forgues went on to modify the maximal coverage equations into a network flow with gains

formulation for inclusion in a mixed integer programming package (MIP83). The MIP83 output

was forced to be integer by using a branch and bound solution methodology. Forgues then took

the network flow formulation and added three types of side constraints (13:42) to force integrality.

This Linear Programming (LP) formulation did indeed yield integer results. The Forgues thesis

confirmed that networks could be used to model the maximal coverage location problem.

2.4 Definitions and Terminology

2.4.1 Networks The following definitions are from Chan (6) and Nemhauser(23).

2.4.1.1 Graph. A graph, G(V,E), is a set of nodes V = {1,2, . .. , rn} connected by

edges E = {ei'e2,...,en}.

2.4.1.2 Network. A network is a graph with flow of some kind.

2.4.1.3 Unimodnlar A square, integer matrix is called unimodular if its determinant,

det(B) = ±1. An integer matrix A is called totally unimodular (TU) if every square, non-singular

submatrix of A is unimodular.

2.4.1.4 Source/Sink. A source in a network is a node where units of flow enter the

network. Conversely, a sink in a network is a node where units of flow leave the network. Networks

can be designed with multiple sources and sinks.

2.4.1.5 Pure/Generalized Networks. In a pure network, there are no losses or gains of

units of flow through the network. That is, for every unit of flow entering the network, there is only

one unit of flow leaving the network. Conversely, in a network with gains (one type of generalized
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network), losses or gains can be modelled to occur at nodes and/or arcs. This gain/loss can he

integer or fractional. The flow in and/or out of the network at a given node can be fixed or variable.

2.4.1.6 Theorems. If matrix A is TU, then all of the vertices of the polyhedron P(b) =

{z E R". : Ax < b}, are integer for any integer vector b, b E Zm. That is, an integer solution can

be obtained to a linear program without the need to impose integer restrictions on the variables

when the constraint matrix A is TU.

An integer matrix A with all elements aij = 0, ± 1, is TU if no more than two non-zero entries

appear in any column, and if the rows of A can be partitioned into two sets, Q, and Q2 such that:

1. If a column has two entries of the same sign, their rows are in different sets Qi and Q2, and

2. If a column has two entries of different signs, their rows are in the same set Q, or Q2.

2.4.2 Imaging Radar. The most basic method of radar imaging involves discrimination on

the basis of range. The determination of range is done by measuring the time delay between a

distinct feature present in the transmitted radio waveform and also present and recognizable in

the returned radio waveform. Calculation of the range is done using knowledge of the propagation

velocity through the medium. One of the means of measuring range is with the pulsed radar "in

which the leading and trailing edges of the pulse provide inherent time markers."(21:7) The round-

trip propagation delay for a reflecting target at a range R is given by 2R/c, where c is assL ied to

be the propagation velocity. The radar pulse duration can then determine the minimum distance

two points must be separated by (resolution) in order to produce distinguishable radar returns.

The range increment is given by AR = cT/2 where T is the pulse duration. The resolution is

defined as the ability to distinguish closely spaced objects. Range accuracy can be increased by

using wide bandwidths and high power radars.

Spatial resolution can be measured by synthetic means when the results of many observa-

tions of the target at differing frequencies and angles are coherently combined. Synthetic in this
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context is defined as the "synthesis of short-pulse, narrow-beam radar performance from elemental

measurements." (21:7)

Radar cross section (RCS) imaging refers to the "effective echoing area of a target." (29:17)

Using the concept of an imaginary spherical surface that represents the target, the RCS is further

defined as "the area on the sphere's surface at the target position that isotropically reradiates all

of its incident power at the same radiation intensity (power per unit solid angle) as the target

reradiates toward the radar receiver." (29:17) A high degree of RCS can be had by scanning a

focused beam across the target. The minimum lateral extent of the scanning beam, which can be

described as an aperture which forms the scanning beam is approximately given by:

A =ARID (2.27)

wbpie:

A= wavelength

D aperture dimension

R = observation distance

Radar resolution is similar to optical systems in that resolution is limited by the Raleigh

resolution criterion, which states that the minimum resolution that can be expected of two adjacent

targets lying in a plane normal to the line-of-sight of the radar beam is given by the spot dimension,

A(21:15). The radar aperture is synthetic unlike optical systems a: i is called synthetic aperture

radar (SAR). SAR can achieve even higher resolution in the cross-range direction by using the

motion of the vehicle carrying the radar (usually an aircraft) to synthesize the effect of a large

antenna aperture. This has been applied in aircraft mapping of ground areas.

If the radar is not moving, then another method must be used to synthesize the aperture. This

is accomplished by viewing a target that is rotating and thus providing the necessary changes in

viewing angles. This is called inverse synthetic aperture radar (ISAR). Inverse refers to the synthetic
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aperture being formed by the rotation of the target rather than by the rotation or movement of

the radar. The cross-range resolution of the target is then given by:(21:16)

A = AR/2D = A/2sin(O) (2.28)

where:

A is cross range resolution

A is wavelength of the radar

D is the equivalent aperture dimension

R is the distance to the target

e is the angle through which the target has rotated

Note that the range and aperture dimension can be eliminated from the RCS equation,

providing there is enough power to provide a radar return, and is given by an angular rotation

of the object. The cross range resolution can be obtained synthetically by processing the signals

that are scattered form the target at various viewing angle to provide for angular diversity. As

mentioned, this requires relative motion between the radar and the target in order to produce

changes in the relative aspect angle. The resolution is in the plane of the angular motion in a

direction perpendicular to the line-of-site.

An imaging radar such as the Haystack radar at MIT, relies upon ISAR and the effective

angular rotation of the satellite. The required power mentioned earlier is not a problem with the

Haystack radar since it has enough power to image a satellite in Geostationary orbit, providing the

satellite is rotating(4:1). The Haystack radar operates in the X-band at 10 GHz (5:4).

Generally, radio waves tend to be dissipated by large quantities of moisture in the atmosphere

(heavy rain). However, as one increases the frequency of the radar, one can reduce moisture effects

to an insignificant level except in the very heaviest of rainfall conditions(26:270). Thus for 10

GHz, rainfall in the Canadian environment is not a factor in site location. However, the higher
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the frequency of the radar, the more the atmosphere attenuates the signal. The Haystack radar

overcomes this by its large power output and can operate unimpeded providing the beam is at five

degrees or higher elevation(4:3).

Wind can significantly affect a radar's precision pointing performance and thus significantly

degrade its RCS resolution. Skolnick notes that this factor has been discounted through the preva-

lent use of protective radomes(26:269).

2.4.3 Orbit Types

2.4.3.1 Sun Synchronous Orbit. The orientation of the orbit of a sun synchronous

satellite is such that the orbital plane remains fixed with respect to the sun. This has the advantage

of always placing the satellite over a specific spot on the ground at the same time each day. Because

the earth revolves around the sun, the orbit must precess at an easterly rate of 0.9856 degrees per

day(24:45) to maintain the same path-time performance. The precession of the satellite is caused

by the fact that the earth is not a perfect spheroid. Thus the orbital inclination is chosen such that

the desired precession is achieved(2:157).

2.4.3.2 Earth Synchronous Orbit. Whenever a satellite's orbit is such that it completes

an integer number of orbits per sidereal day, it is considered to be earth synchronous(24:46). One

special case is when the number of orbits is one. A circular orbit with an inclination of zero degrees

is called geostationary and appears to hover motionless over one spot on the equator. Geostationary

satellites are not considered in this research since they generally are just for communication purposes

and are too high (19,300 NM above the earth's surface) for useful spy missions.

Another type of earth synchronous satellite orbit is the Molniya orbit. Molniya orbits com-

plete two revolutions per sidereal day and are thus semi-synchronous. The Molniya orbit is generally

used by what was called the Soviet Union for communications satellites(24:44) but is considered a

2-13



target in this research because its highly elliptical orbit brings the satellite quite close to the Earth

during part of its orbit.

2.44• Coordinate Systems. When referring to positions of satellites and positions on the

earth's surface, one must have a reference frame within which to place an object's location. The

following definitions are paraphrased from MECH 532, Fundamentals of Astrodynamics class notes

and Bates, Mueller, and White(2).

2.4.4.1 Earth Centred Inertial (ECI). Also referred to as the IJK reference frame, the

ECI has its origin at the earth's centre. The fundamental X-Y plane is the equator with the positive

X-axis, or I unit vector, pointing towards the first point of Aires (vernal equinox direction). The

Z-axis, or K unit vector points in the direction of the North pole, normal to the X-Y plane. The

ECI reference frame does not rotate with the earth, but assumes inertial properties by remaining

fixed with respect to the stars, and the earth rotates with respect to this frame.

2.4.4.2 Perifocal Coordinate System. The perifocal coordinate system uses the orbital

plane of the satellite as its basis. The orbit of a satellite is an ellipse with the centre of the Earth

located at one of its foci. The origin of this coordinate frame is located at this foci with the P unit

vector pointing from the origin towards the periapsis in the orbital plane. The Q unit vector is

rotated 90 degrees in the direction of orbital motion and is also in the orbital plane. The W unit

vector completes the right-handed coordinate system and is normal to the orbital plane since it is

perpendicular to both the P and Q unit vectors. In the perifocal coordinate system the satellite

does not have any components of position or velocity in the W direction.

2.4.4.3 Satellite Coordinate Frame. A reference frame can be chosen for any system

to accomplish a given task or to simplify a computation. In this case, to calculate effective angle of

rotation, a reference frame was created with regards to the satellite. The b, unit vector is chosen

such that it lies directly along an extension of the line from the centre of the Earth to the satellite.
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The b 3 unit vector lies parallel to and in the same direction as the specific angular momentum

vector, h. The remaining unit vector, b 2 , is calculated by doing a cross product between the b3

and 1b vectors. This right-handed coordinate system thus consists of three mutually perpendicular

vectors as do the other coordinate frames.

2.4.4.4 Geodetic Reference System. Man commonly navigates along the surface, or

slightly above the surface1 of the Earth with respect to a series of concentric imaginary circles

parallel to the equator (lines of latitude) and normal to the equatorial plane (lines of longitude).

The lines of latitude are referenced in degrees North or South of the equator with the equator being

zero degrees; and the lines of longitude are referenced in degrees East or West of the Greenwich

Meridian, an arbitrarily chosen line of longitude running through Greenwich, England. The geodetic

reference system is referenced to the ECI system by an angle between the vernal equinox direction

and the Greenwich Meridian, 0., which is referred to as Greenwich Sidereal Time. Although it is

an angle, it is referenced as a time by comparing the passage of time since the Greenwich Meridian

was last incident upon the I unit vector.

2.4.5 Classical Orbital Elements The following are definitions of the classical elements used

in the calculations of satellite and radar site positions in the course of this research. The definitions

are derived from Bates et al. (2)

2.4.5.1 Semi-Major Axis, a. The semi-major axis is a constant defining the size of

the conic orbit, in this case the conic section being an ellipse.

2.4.5.2 Eccentricity, e. Eccentricity is another constant describing a conic section. e

describes the shape of the conic orbit.

'Relative to the size of the Earth.
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2.4.5.3 Inclination, i. i is the angle between the angular momentum vector, h, and

the K unit vector from the ECI coordinate frame.

2.4.5.4 Longitude of the Ascending Node, P. This is the angle measured in the I-J

plane between the I unit vector and the point where the satellite orbit crosses through that plane in

a northerly direction (ascending node) measured counterclockwise when viewed from the positive

K side of the 1-4 plane.

2.4.5.5 Argument of Periapsis, w. This is the angle measured in the plane of the orbit

and in the direction of the satellite's motion, between the ascending node and the periapsis point.

The periapsis is the point of the orbit that is close to the Earth and is coincident with the P unit

vector. For an Earth centred orbit, w can also be called argument of perigee.

2.4.5.6 Time of Periapsis Passage, T. T is the time when the satellite was at periap-

sis.

2.4.5.7 True Anomaly at Epoch, vo. The epoch, to is a stated time where the position

of the satellite was known or measured. The true anomaly at epoch is the angle measured in the

orbital plane between periapsis and the position of the satellite at to.

2.4.6 NORAD Element Sets The NORAD 2 two-line element set is a description of the orbit

of a satellite at a given point in time as a result of a series of observations (radar or optical) while

tracking that satellite. Orbits of satellites do change as a result of moon and sun gravitational

effects, air drag, and orbital manoeuvreing (rocket propulsion), to name a few perturbations. An

example of a NORAD two-line element set is given below with a description excerpted from Dr

T.S. Kelso's PASSCHED program instructions(18).

1 20452U 90 8 A 90191.64282447 .00000001 00000-0 99999-4 0 808

2North American Air Defence
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2 20452 54.5508 255.0660 0027829 44.9864 315.3289 2.00872988 3311

Line I

Column Description

01-01 Line Number of Element Data

03-07 Satellite Number

10-11 International Designator (Last two digits of launch year)

12-14 International Designator (Launch number of the year)

15-17 International Designator (Piece of launch)

19-20 Epoch Year (Last two digits of year)

21-32 Epoch (Julian Day and fractional portion of the day)

34-43 First Time Derivative of the Mean Motion or

Ballistic Coefficient (Depending on ephemeris type)

45-52 Second Time Derivative of Mean Notion (decimal point assumed;

blank if I/A)

54-61 BSTAR drag term if GP4 general perturbation theory was used.

Otherwise, radiation pressure coefficient. (Decimal point

assumed)

63-63 Ephemeris type

65-68 Element number

69-69 Check Sum (Modulo 10)

(Letters, blanks, periods, plus signs = 0; minus signs = 1)

Line 2

Column Description
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01-01 Line Number of Element Data

03-07 Satellite lumber

09-16 Inclination [Degrees]

18-25 Right Ascension of the Ascending Node [Degrees]

27-33 Eccentricity (decimal point assumed)

35-42 Argument of Perigee [Degrees]

44-51 Mean Anomaly [Degrees]

53-63 Mean Motion [Revs per day]

64-68 Revolution number at epoch [Revs]

69-69 Check Sum (Modulo 10)
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III. Conventional Methodology

The purpose of this chapter is to examine conventional procedures that can be used to solve

facility location problems that are formulated as a maximal coverage problem.

3.1 Conventional Approaches to the Problem

3.1.1 The Maximal Coverage Problem. Following the work by Forgues(13), a maximal cov-

erage problem was set up. However, instead of initially formulating the problem as a network

and then using a branch and bound solution, the problem was formulated as a modified maximal

coverage problem similar to the formulation given by Chan et al. (8:5). This maximal coverage

problem is a variant of the generalized p-median problem and is given by the following:

III IJI K
Maximize EZZ Z Wiqkxijk (3.1)

j k

subject to:

y,- ZX k>0 V i, j, k (3.2)
IJI

Z j =p (3.3)

VIIIJI
E-wijkzijk > dk Vi, k (3.4)

xijk = {0, 11 (3.5)

Yi = {0, 1} (3.6)

where:

o i represents the demand, that is the satellite requiring imaging, which is a member of the set

I;
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"* j represents the facility, that is the radar site that is doing the imaging, which is a member

of the set J;

"* k is the time period, in this case the month, out of the set of K periods;

"• wij k is the frequency of observations of satellite i by station j in month k;

"* xij, is a binary decision variable that describes whether satellite i was imaged by radar site

j in month k;

"* yj is a binary indicator that describes whether a facility is in place or not;

" dk is the minimum required number of observations of a satellite by a radar during month k;

"• and p is the number of facilities to be located.

Equation 3.2 states that a satellite cannot be imaged from a site unless that radar site exist.

Equation 3.3 stipulates the number of radar sites that will be built. The minimum number of

observations constraint, equation 3.4, is desired, but if it results in an infeasible solution, it can be

relaxed.

3.1.2 Knapsack Formulation. A potential formulation of the problem is to include only one

constraint in addition to the nonnegativity constraints. This type of problem is called a knapsack

problem and has computational advantages over other methods when the problem involves only one

constraint. To formulate the above maximal coverage problem as a knapsack problem, one would

combine the weights for each demand over all of the states in terms of each facility:

IIl K
a3  lwj (3.7)

i k

Equation 3.7 would then define the number of observations for a given facility over all states

for all satellites. The new formulation would be given as:
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IJI
Maximize • aj yj (3.8)

j

subject to:

Y < p V (3.9)

Yj = {0, 1} (3.10)

where:

"* j represents the facility, that is the radar site that is doing the imaging, which is a member

of the set J;

" yj is a binary indicator that describes whether a facility is in place or not;

"* and p is the number of facilities to be located.

This formulation assumes that dk, the minimum required number of observations of a satellite

by a radar during each designated time period can be satisfied by any choice of p locations or can

be accounted for in the derivation of the aj parameters or exclusion of some potential sites in a

pre-filtering of the data before inclusion in the formulation. That is, if a radar site has not met the

minimum number of observations criteria, then that site is not included in Equation 3.8.

The disadvantage to the knapsack problem is that it may not be possible to add additional

constraints in future computations should the decision maker choose to do so. Thus, the modified

maximal coverage problem as given by Chan et al. (8) was used in the development of this imaging

radar facility location problem.
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3.2 Computational Complexity

Many different methods and algorithms have been devised for the solution of optimization

problems since the advent of Dantzig'z simplex method. One of the reasons for this proliferation of

methods is to try to decrease computational complexity and arrive at the optimal solution faster

and more efficiently. However, not all methods can be applied to all problems, and while more than

one method may be applied to some problems, the decision maker would prefer to use the most

efficient solution methodology.

Computational complexity describes how difficult a problem may be to solve in a worst case

problem. In most cases, the solution does not use as many steps as it could. For example, the

Dantzig simplex method could visit the potentially exponential number of veritices in a matrix A

of size m x n. The potential number of calculations can be at least 2m whenever n > 2m (3:375),

or in other words, exponetial. In practice, the usual number of iterations has been observed to

be 3m/2, and seldom more than 3m iterations. However, the exponential case does exist, and has

been shown to take as many as 2" - 1 iterations(3:376).

Where the desired output of a problem is binary, a facility is to be located, or it is not, the

general problem, max{cz : Ax < b, x E B"}, can be solved by a brute-force enumerative alogorithm.

However, this type of solution is not very efficient and can take O(2r'mn) time to solve(23:125).

More efficient methods such as the integer knapsack problem can be solved using some algorithms

in as little as 0(nb)'. However, even this method can be exponential unless b is restricted to be a

polynomial function of n(23:125). Another conventional integer solution methodology is the Branch

and Bound. However, the potential number of iterations for this method can be exponential, 0( 2 ').

In contrast, the complexity of a network algorithm can be 0(m 2 ) or 0(m 3 ) (3:575).

1When all variable coefficients are equal to one in the constraint, then the knapsack problem can be a trivial IP
to solve, by ordering aiyj in non-increasing order and taking first p sites.
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3.3 Baseline for Scaled Down Problem

Although the knapsack problem can be used to solve the maximal coverage problem for

uncomplicated cases, and may be more efficient than a network algorithm in problems that are not

excessively large, it was not used in this study. As general a solutiop method as possible was desired

so that in future formulations of this problem the decision maker could add extra constraints if

desired. Thus the problem was initially formulated as a modified maximal coverage problem to

include states in the manner given by Chan et al. (8). A scaled down 'test' problem was was

introduced and solved using a convential Branch & Bound algorithm using the MIP83 software

package. The 'test' problem was designed to provide a smaller scale problem than the case study to

aid in the development of the models and the understanding of the results. In this 'test' problem,

the formulation is limited to i = 4 demand points (satellites), j = 3 supply facilities (radar sites),

and k = 3 states. The weights used in the maximal coverage and in the network formulations are

listed in tables 3.1, 3.2, and 3.3. The weights represent the number of times that a radar site j

was able to image a given satellite i within a given time frame (state k). To simplify the notation

from wijk, the states are combined with i and j to form wij. Thus satellites 10 to 13 are in state 1;

satellites 14, 15, 16, and 17 are satellites 10, 11, 12, and 13, respectively, in state 2; and satellites

18, 19, 20, and 21 are satellites 10, 11, 12, and 13, respectively, in state 3. Similarly, sites 1, 2, and

3 are in state 1; sites 4, 5, and 6 are sites 1, 2, and 3, respectively, in state 2; and sites 7, 8, and 9

are sites 1, 2, and 3, respectively, in.state 3. The MIP83 maximal coverage formulation included

the variable yj to indicate whether a facility is in place or not. Since sites 1, 4, and 7 were the same

facility, but in different states, an additional pair of equations was required that would force sites

1, 4, and 7 to all be either on (yj = 1) or off(yj = 0). Similarly, pairs of equations were added for

sites 2, 5, and 8, and for sites 3, 6, and 9.

The purpose of the monthly observation constraints was to ensure that a minimum number of

observations was obtained for each demand (satellite) for each time period (state). This constraint
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Table 3.1. wij for State 1

U _ _ 10_11112 1 11 i[ TOTAL ]
1 20 22 24 21 87

2 23 19 28 22 92
3 27 23 21 25 __ 9_ 6

TOTAL 70 64 73 68 11 275 D

Table 3.2. wij for State 2

wij 14 15 16 17 11 TOTAL II

5 21 23 23 23 90
6 19 28 126 1261 99 1

TOTAL II 61 [78174 i 70 ii 283 11

was included in the MIP83 formulation to be true to the maximal coverage formulation presented

earlier, but was not included in the network flow formulation later on. Leaving out this constraint

means that the optimal location will be the site which provides the greatest throughput potential,

serves the largest population, but may not image all satellites the minimum required number of

times. In the 'test' problem, this was not the case. Theoretically, a satellite only needs to be

imaged once to get the necessary image. However, a reconnaissance satellite may not always be

pointing towards the Earth and may, on most passes, when no activity is expected on the ground,

be pointed away from the Earth so that ground observations will not be able to determine its shape

and purpose. The actual number of observations required in practice was classified and unavailable

Table 3.3. wij for State 3

wj [ 18 19 20' 121 TOTAL ]

7 28 24 23 22 97
8 24 23 23 19 89
9 26 22 22 19- 89

ITOTAL I78 69 168 160 275
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for this research. Thus, this constraint was not included in the network flow formulations presented

later. These constraints did not affect the MIP83 solution.

The MIP83 input was an ASCII text file with a .LP extension. Output is normally directed

to the screen unless the output option is exercised. The following line is typed at the MSDOS

prompt while in the same directory as the MIP83.EXE program (and the text input file):

MIP83 inputfilename.LP OUTPUT outputfilename.ext

The .LP extension is assumed and does not need to be included. The output is -in ASCII text file

also.

The structure of the input file is described in detail in the LP83/MIP83 manual(20). Pro-

gram input requirements begin with a ..TITLE statement followed by a title. The ..OBJECTIVE

statement follows the title line, indicating whether the problem is a maximum or minimum. The

objective function following this statement must include all variables used in the problem, includ-

ing those that have a cost value of zero. Single square brackets around a variable indicate to the

program that that variable is an integer. Double square brackets around a variable dictate that

that variable will only be a binary variable (0, 1). Comments can be included by beginning the line

with an asterisk. The constraints section begins with the ..CONSTRAINTS statement followed hy

the lines of input indicating the constraints. Format is simple with the equations being in normal

mathematical form. Some mathematical symbols that are not available in ASCII form such as >

can be indicated by a combination of symbols such as >=.

Output is in ASCII format that can be viewed by a text editor or word-processor capable of

taking ASCII input (very few are not capable of this).

The MIP83 formulation and solution for p = 1 is shown in Appendix C. The solution chose

site three as the optimal solution with an objective function value of 284 satellites observations

over the three states. The solution was integer as expected since MIP83 uses a branch and bound

algorithm, which may not be computationally efficient(6), but does provide an integer solution.
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The solution was confirmed by doing a manual enumeration of all three states for all three sites for

all four satellites. Site I has a total of 278 imagings, site 2 had a total of 271 imagings, and site 3

had a total of 284 imagings.

A baseline was also established for p = 2 facilities to be chosen for the 'test' problem.

The only change from the original MIP83 formulation was the change in the last equation from

yl + y2 + y3 = 1 to yl + y2 + y3 = 2. The formulation and optimal solution of 562 imagings

using sites one and three is shown in Appendix R. The optimal solution shows the total sum of the

number of imagings by both chosen sites. No penalty or benefit is assessed by having more than

one site image the same satellite. This is a result of the maximal coverage formulation.
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IV. Network Methodology

The maximal coverage location problem is generally formulated as a linear programming

problem with some of the variables being binary, hence making it a mixed integer programming

problem. According to the SAS/OR manual(25:358) and OPER 767 class notes(6), if the linear

programming program contains large embedded network structures, then that problem can be

formulated as a network flow problem and computational complexity decreases. The problem

should ideally be formulated as a pure network flow, but due to the inclusion of states, this problem

was formulated as a network with gains. Work by Forgues (13:42) was not able to provide a pure

network flow out of a similar maximal coverage problem, but the generalized network with gains

that was used was still more computationally efficient than mixed integer linear programming

solution algorithms. In this paper, the number of facilities, demands, and states is not sufficiently

large enough to prove this assumption.

A graphical summary of the method evolution for the 'test' problem is shown in Figure 4.1.

4.1 Network With Gains

The 'test' problem was reformulated as a network with gains and an attempt was made to

integerize the solution. As in Forgues' case (13:42), an integer solution was not achieved. However,

this method was used to show that a fortunate choice of weights had not inadvertently generated

an integer solution, thus tainting any other solution methods.

The generalized network with gains model is shown in Figure 4.2. The subscripts describing

the flow are reversed from the maximal coverage problem. These subscripts are in keeping with

convention for flows describing arcs, i.e. x1,i0 is flow from node 1 to node 10.

The network shows three radar sites in three different states: nodes 1, 4, and 7 represent

radar site 1 in states (months) 1, 2, and 3, respectively; nodes 2, 5, and 8 represent radar site 2

in states 1, 2, and 3, respectively; and nodes 3, 6, and 9 represent radar site 3 in states 1, 2, and
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3, respectively. The four satellites are represented by nodes 10, 11, 12, 13 (state 1); 14, 15, 16, 17

(state 2); 18, 19, 20, and 21 (state 3).

The external flow at the source is fixed equal to the number of radar sites to be built, p. The

arcs connecting the source (s) to the radar sites (facilities, j) have a capacity of one, cost of zero,

and a gain of Ill + 1 (i.e. 4 + 1). The arcs connecting the facilities between states have similar

parameters to those arcs emanating from the source, except for the arcs connecting state K - 1

to state K, which have a gain of only III. The arcs connecting the satellites with the radar sites

in the same state, have a capacity of one, cost equivalent to the number of times observed (wij3

shortened to wij), and gain of one. Finally, the arcs connecting the satellites in all states with the

sink node, t, have a capacity of p, cost of zero, and gain of one. The fixed external flow out of the

sink node has a value equivalent to the number of facilities desired multiplied by the number of

satellites and the number of states (-p x i x k). 1 In this example, the fixed external flow out of

the sink node is equal to -(1 x 4 x 3) = -12.

The total number of observations for this example for all of the radar sites with the satellites

is the same as for the MIP83 formulation in the preceding section.

For a problem with III demands, IJI locations, and K states, the number of nodes is given

by 2 + k x (i + j). That is, the number of states multiplied by the total number of demands and

locations in each state plus two extra nodes for the source and sink. In this problem the total

number of nodes is 2 + 3 x (4 + 3) = 38.

The total number of arcs in the network is given by the sum of the number of arcs out of the

source (j), plus the number of arcs into the sink (i x k), plus the total number of arcs connecting

the facility and demand nodes in the various states (i x j x k), plus the number of 'inter-state' arcs

(j x (k- 1)). This reduces to k x (i+j+(i x j)) and for this problem equates to 3 x (4+3+4 x 3) = 57

1The minus represents external flow out of a node.
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arcs. For the case study later (i = 16, j = 12, k = 3), a formulation of this type would result in 86

nodes and 660 arcs.

4.1.1 Solution Procedure Using MICROSOLVE Network Flow Programming The MICRO-

SOLVE Network Flow Programming software package for the PC was used to attempt to solve this

problem. The generalized network portion of the program was easy to use although input tended

to be long due to the requirement to enter zero values for many inputs. The MICROSOLVE User

Manual(16) covers the operations and the inputs to the program. Basically, after specifying the

number of arcs and nodes, the values for costs (weights), capacities, external flows, and gains were

filled in. The weights were assigned negative values since the program is doing a minimization.

The network is identical to that shown in figure 4.2 although a graphical depiction was not given.

The resulting output is shown in Appendix D with an optimal solution of approximately 301.

The flows along the selected arcs were not integer and thus were difficult to interpret. Overall, the

most number of satellites that were imaged by any one site was by site three as shown by six facility

to satellite arcs reaching the upper flow limit. Site two had one demand satisfied and site one had

five demands reaching the upper flow limit. Site three received the largest flow initially from the

source node, thus agreeing with MIP83's choice of site three as the optimal solution for this set of

weights. This type of inference may not be true in general, but appeared to be valid in this case.

4.2 Network With Side Constraints - Simulated Gains

In an attempt to take advantage of the unimodular nature of the network formulation, a

network with side constraints procedure was adopted. The side constraints were added to force an

integer solution that was not obtained by using the network flow with gains formulation. The SAS

manual summarizes the efficiency and complexity issues of this type of formulation(25:358,359):

Although PROC LP can solve network problems, the NETFLOW procedure generally
solves network flow problems more efficiently than PROC LP.
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When the network part of the problem is large compared to the non-network part,
especillay if the number of side constraints is small, it is worthwhile to exploit this
structure in the solution process.

Three types of constraints suggested by Chan et al. (8:12) were added to the network tableau

for the maximal-coverage formulation. 'Source-connector flow' constraints force an upper bound of

one on the flow through each of the first layer of arcs:

x,j _< 1 j =- 1, 2,..., IJI (4.1)

The 'sink-connector flow' constraints are in place to ensure that the flow through each of the

'sink-connector' arcs is set equal to the number of facilities to be built, p:

xit - p = 0 i E { demand nodes} (4.2)

The 'equi-distribution of flow' constraints are introduced to ensure that the amount of flow entering

the facility-location node via the 'source-connector' arc is matched by each of the arcs leaving that

facility-location node:

Xji - X5 j = 0 V i, s E { nodes adjacent toj }; i 0 s (4.3)

Equation 4.3 requires one pair-wise constraint for each facility-demand arc; in this case, five pair-

wise constraints for facility nodes 1, 2, 3, 4, 5, and 6, and four pair-wise constraints for facility

nodes 7, 8, and 9. 'Y' in this equation refers to any node preceding a facility node, such as another

facility node from a preceding state. Similarly 'i' can be any node immediately after a facility node,

such as a demand node or another facility node in the next immediate state.
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Forgues showed in his example(13:47) that when these additional constraints were added to

the maximal coverage formulation and run in LP83, a linear programming package, an integer

solution was obtained which corresponded to the MIP83 solution.

The maximal coverage formulation was rewritten as a network with gains formulation and

combined with the new constraints(Annex V). All of the equations were placed in tableau form to

see if a network with a unimodular tableau could be found. The resulting tableau did appear to have

a unimodular appearance providing the equations with the gains were ignored. Thus, the equations

containing the gains were considered ideal to use as side constraints while the remaining equations

formed a network without gains. This new formulation was prepared for input into SAS/OR on

the VAX network at AFIT. The NETFLOW algorithm was called through the use of the command

PROC NETFLOW. Although a linear programming program could be used to solve this sort of

problem, the NETFLOW procedure generally solves network flow problems more efficiently than

linear programming(25:358). A description of a network with side constraints algorithm is given in

Kennigton and Helgason(19:166).

Equation 4.1 was not required as a separate set of constraints since it could be incorporated

into the capacity or upper bounds of the source-connector arcs in the NETFLOW formulation.

The first NETFLOW formulation attempted was a direct implementation of the tableau

developed above. The network resembled the network with gains network, except there were no

gains along the network arcs (O's and l's in the node-arc incidence matrix). The side constraints

were used to attempt to induce the gains. Appendix E shows that the net result was zero flow.

This is because the flow on all of the arcs is limited to one, and the side constraints require a flow

into the facility node that equals five times the sum of the flows leaving that node. This is correct

for a network with gains, but breaks the conservation of flow rule for a pure network. Thus the

only feasible solution is zero flow.
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The second NETFLOW formulation substituted the gains for an equivalent capacity of flow

along the 'source-connector' arcs. Thus, where a gain of five had been before, the upper bound

on that arc was now five vice one. The upper bounds were changed to five on arcs X.1, xs 2 , Xa3,

X1,4, x2 ,5, and z 3 ,6 , and to four on arcs X4,7, xs,8, and x6 ,9. The side constraints were modified

to reflect the arc capacity changes, which now resulted in 'flow in equals flow out.' The resulting

SAS formulation and selected SAS output are shown in Appendix F. The maximum flow value was

300, however, the results were not as desired. Instead of the flow going through only one facility-

location node in its various states, it had chosen a route that went through all three facility-location

nodes and through all of the corresponding state 2 facility-location nodes. Only one of the third

state facility-location nodes was used. Analysis showed that this formulation would not permit the

desired tree type flow from one of the state one facility-location nodes. There was not enough flow

coming from the source node to fill all of the arcs in the desired tree. Thus another formulation

was required.

It was determined that to fill all of the arcs in the desired tree, a capacity of twelve (j x k)

was required for the three arcs emanating from the source node. Thus if all of the flow was to go

through one of the state one facility-location nodes, all of the arcs entering the sink node could be

filled to capacity (p), providing of course that the interstate arcs also had the correct capacity. The

capacity for the arcs joining the state one to state two facility-location nodes was raised to eight

(j x (k - 1)), while the state two to state three connecting arcs remained at an upper bound of four

(j x (k - 2)). The resulting SAS formulation and selected SAS output are presented in Appendix

G. The maximum flow achieved was 301, however, as in the previous formulation, more than one

of the state one facility-location nodes was used. An analysis of the side constraints showed that

the side constraints in this formulation were just a repetition of the information contained in the
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pure network. This was confirmed by removing the side constraints 2 and rerunning the program

(Appendix H). Identical results were obtained.

The side constraints were reformulated to force flow down a corresponding arc if an arc in a

previous state had been used. Thus if arc x;, 1 was used, then arcs ;1,10 , x1,11, X 1 ,12 , X 1 ,13 , and X1,4

must be used. For example:

-X3s,1 + 12xjjO = 0 (4.4)

-x;,,, + 12xi,I1 = 0 (4.5)

-x,,, + 12x,, 1 2 = 0 (4.6)

-a;,l + 12x 1 ,1 3 = 0 (4.7)

-8x,,1 + 12xl, 4 = 0 (4.8)

Additional constraints for states two and three were added that permitted the flow to further

cascade down the line. For example, X1 ,4 having been forced to flow, X4, 1 4 , x4,15, z 4 ,1 6 , z 4 , 1 7, and

Z4,7 are also forced to flow.

-zI,4 + 8X4 ,14 = 0 (4.9)

-X1,4 -+- 8X4,15 = 0 (4.10)

-a; 1 ,4 -+ 8 X4,16 = 0 (4.11)

-X1, 4 + 8X4,1 = 0 (4.12)

-Xa, 4 + 2X4 ,7 = 0 (4.13)

Similarly the state three flows were forced, with the only difference being that there is one less side

constraint because there are no states beyond state three. The SAS formulation and selected SAS

2•One constraint had to be in place for the program to run error-free. A redundant equation setting flow equal to
maximum flow was used.
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output are shown in Appendix I. The resulting maximum cost flow was 284 with the tree emanating

from node three containing the maximum observations (same as for the MIP83 results).

This formulation, however, resulted in 42 side constraints, which was almost as numerous as

the number of arcs (arcs = 58). The computational efficiency of the NETFLOW algorithm begins

to degrade if the number of side constraints becomes too large(6). Since the flow was forced at

states I and 2, it was postulated that perhaps the state 3 constraints were redundant and would not

be required. Removing thes constraints resulted in twelve less side constraints, with thirty left. The

resulting SAS formulation and selected SAS output are shown in Appendix J. The maximum flow

and selected arcs were the same as for the full side constraint formulation, however, the status of

those arcs and their reduced costs varied somewhat between the two formulations. At this point it

is not known whether that is significant and would perhaps affect the answers for a similar problem

with different numbers, or perhaps it was just the way the problem was solved based upon the

reduced number of side constraints. The net result was however, the same, and should perhaps be

explored further.

An attempt to further reduce the number of side constraints by removing the state two

side constraints as well is shown in Appendix K. The non-integer results were surprising since the

network formulations usually result in integer solutions. This suggested that only the last set of

equations representing the last state could be eliminated.

The total number of arcs in the unimodular part of the formulation was the same as for the

network with gains formulation except for an additional arc that was required to join the sink to

the source at a cost of zero and unbounded capacity. Thus the total number of arcs was given by

1 + k x (i+ j + i x j) and the total number of nodes was given by 2 + k x (i + j). The number

of side constraints using all the states was given by j x (i + 1) x (k - 1) + i x j which reduces

to j x (i x k + k - 1)(side constraints=42). By eliminating the side constraints for the last state,

this reduced to j x (i + 1) x (k - 1)(side constraints=30). For the case study, the number of side
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constraints using the reduced model would become 12 x (16 + 1) x (3 - 1) = 408 with the number

of arcs being 661.

4.3 Network With Side Constraints - Multi-Commodity Flow

To try to reduce the number of side constraints, a second network with side constraints

formulation was used that attempted to restrict flow to similar arcs or combinations of arcs within

the various states. This second formulation resembled a multi-commodity flow network.

The source node was removed, as well as the arcs joining nodes 1, 2, and 3 to the source

node. The inter-state arcs were also removed, thus effectively making all of the facility-location

nodes (1 through 9) into source nodes. Additional arcs joining the sink node to these source nodes

were generated for the SAS formulation, thus making the total number of arcs equal to 57, one

less than in the previous formulation. The network now resembled three identical sub-networks all

connected to the same sink as shown in Figure 4.3. The side constraints were such that if arc zt,I

was chosen, arcs Xt,4 and Xt,7 would have to be chosen as well. This resulted in a total of six side

constraints which looked promising(page L-2). However, as shown in Appendix L, all of the nine

sink to source arcs were taken instead of only three. The resulting maximum cost flow was 295,

vice the correct optimum of 284.

Additional side constraints were then added to the source-demand arcs to further restrict the

flows to like paths(pages M-2, M-3). For example, if arc Zi,1o was taken, then arcs X4 ,1 4 and Xr,17

must be taken as well (two extra equations). Overall, this resulted in a total of 30 side constraints

as shown in Appendix M.

This formulation did not yield the desired one facility solution. The maximum cost flow was

reduced to 289, but more than one of the state one facility-location nodes was chosen (2 and 3).

Even though this formulation did not provide the desired single site flow, an attempt was

made to see if the number of side constraints could be reduced as had been done in Appendices J
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and K. Eight side constraints were removed by removing the set of constraints for state three. The

results, shown in Appendix N, were identical to that obtained in Appendix M. Thus if a few more

(less than eight) side constraints could be found to force the proper flow, this formulation would be

more efficient than the previous network with side constraints (NWSC) modelling a network with

gains.

At this point, the multi-commodity flow formulation (figure 4.3) contained two more arcs

than the network with gains formulation (figure 4.2). The number of nodes had been decreased by

one.

This network was further modified by adding a super-source to the first state of facilities as

shown in figure 4.4. The net number of arcs and nodes were each increased by one from figure 4.3.

Additional side constraints were added to try to force only one facility selection per state. For

examp' , these constraints were such that the total of flow along differing arcs emanating from

different nodes within state one, when multiplied by the number of satellites in that state, 3 was

less than or equal to the total flow from t to s. Thus one equation would be:

4x1,10 + 4X2,11 + 4X3,1 2 - Xts < 0 (4.14)

Because there were more satellite than facility nodes per state (4 vs. 3), only three variables, other

than xt,, could be included in the equation. Adding another variable such as 4x3, 13 could force

that variable and X3,12 to be zero. Flow along xt,. was 4 and from previous solutions we know

that the optimum was achieved by using site 3. By using X3, 12 - 1 and x3 ,13  1 we would have

(4 x 0) + (4 x 0) + (4 x 1) + (4 x 1) - 4 < 0 which is not valid mathematically, and would force

one or both of the variables from one to zero in order to keep the equation feasible. Thus site

3 would incorrectly be rejected. This led to a requirement to add more constraints by varying

the variables used in this 'arc-restriction' arrangement. The successful (integer result, single site

3
The flow out is multiplied by the flow in so that when the equation is summed, the solution will be zero.
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chosen) formulation and results are shown ih Appendix 0. In this formulation, sets of equations

for all three states were used which resulted in 34 side constraints.

The set of equations for the third state were removed from the formulation in Appendix P

in an attempt to reduce the number of side constraints (side constraints = 26). The solution was

similar to the full formulation. A second reduction (Appendix Q) resulted in an undesirable integer

solution with more than one facility chosen.

Analysis shows that not all of the possible 'arc-restriction' side constraints were listed. A

fortunate choice of combinations of arc restricting constraints was sufficient to choose the correct

optimal solution. The total number of arc restricting constraints should be given by

IJp! (4.15)
(jIf- VJD!

which in this case is 24 constraints. One can see that in this case 24 constraints (if none of the other

constraints were used) is better than the 26 constraints used, but when the number of satellites

in increased, even by one, the number of arc restricting constraints can rapidly escalate. For the

case study this number would be 871,782,912,000 which would be impractical to code. Thus it is

imperative that a fortunate combination of arc restricting constraints and 'if flow in state x then

also in state x + 1, x + 2, etc' constraints be found that could yield a solution for a large network.

As an aside, it should be noted that by reducing the number of facilities being evaluated, the

number of arc restricting side constraints is reduced also. There is no difference in the number of

arc restricting side constraints when jJI = III or when IJi = II - 1.

4.4 Summary for p = 1

The generalized network did not generate an integer solution because it lost total unimod-

ularity with the introduction of gains. The modified NWSC using implied gains was successful
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but used thirty side constraints compared to its 58 arcs and 38 nodes. The 'arc-restricting' multi-

commodity flow NWSC had 26 side constraints for its 58 arcs and 38 nodes, however, the number of

possible side constraints can increase drastically as the number of demands and facilities increase.

For the p = 1 formulation, a simple enumeration of the total number of imagings per site is more

computationally efficient than the network formulations, but a comparison must be made between

facility totals as to the best one since the answer in the enumeration case is not a simple yes or no

(1 or 0) as to facility selection.

For the p = 1 case for the 'test' problem, the optimal solution is 284 imagings using facility

site three.

4.5 Selecting Two Sites (p = 2)

4.5.1 Network With Side Constraints Using Implied Gains Formulation. The reduced model

(state three constraints removed) from Appendix J was modified for p = 2. The only change was

to increase the arc capacities from one to two for the demand node to sink arcs (17 lines of code

changed). The resulting formulation and solution is shown in Appendix S. The solution is the same

as for the MIP83 run, 562 imagings.

4.5.2 Network With Side Constraints Using Multi-Commodity Flow Formulation. The re-

duced model from Appendix P was modified to account for p = 2 facilities to be chosen. As in the

preceding p = 2 NWSC formulation, the demand nodes to sink arc capacities were changed from

one to two. The arc restricting constraints remained at < 0. Since the flow from t to s had doubled,

the arc restricting constraints would still hold even if two of the arcs included in a single equation

had flow through them. The resulting formulation and solution are shown in Appendix T. Again,

the optimal answer agrees with the MIP83 solution.

The additional side constraints at the end of the problem that forced flow along identical arcs

were removed and the 'arc-restricting' constraints increased to the maximum to try to improve the
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node-arc incidence matrix to side constraint ratio, but a non-integer solution was obtained. The

formulation in Appendix T was thus used for the case study.

4.5.3 Summary for p = 2. Both the NWSC using implied gains and the NWSC using

multi-commodity flow formulations were successful. Even though the multi-commodity problem

was smaller in this 'test' problem, it presented the possibility of becoming untenable as the number

of facilities and demands increased. Both formulations were used in the case study.
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V. Case Study

Once the methodology was selected, a 'real' world case was selected. The object was to

maximize the number of satellites imaged choosing p = 1,2 or 3 imaging radar sites. A total of 48

satellites was used with 16 satellites being assigned per state (31 day period). Twelve candidate

locations were selected and evaluated. The procedure employed for the case study is graphically

depicted in Figure 5.1.

5.1 The Set of Candidate Locations

The number of candidate locations for this example was limited to twelve sites which are

listed in table 5.1 along with their geodetic location and elevation data. This data was used by the

PASSCHED and MathCAD programs in calculating the number of observations. The twelve sites

were chosen to represent a wide range of geographical locations while still maintaining the criteria

that NDHQ/DAR had given.

Table 5.1. CANADA.OBS: Site Location Data

Site Location Latitude Longitude Height MSL (m)
Alert NWT 82 31 00 N 062 17 00 W 30
Bagotville Que 48 19 50 N 070 59 47 W 159
Churchill Man 58 44 13 N 094 03 26 W 29
Cold Lake Alta 54 26 00 N 110 10 54 W 572
Gander Nfld 48 56 24 N 054 34 10 W 151
Gypsumville Man 51 45 36 N 098 37 54 W 260
Holberg BC 49 22 00 N 127 20 00 W 914
Moose Jaw Sask 50 19 48 N 105 33 32 W 577
North Bay Ont 46 21 49 N 079 25 23 W 370
St. Margarets NB 46 53 58 N 065 12 37 W 24
Whitehorse YT 60 42 37 N 135 03 59 W 703
Yellowknife NWT 62 27 45 N 114 26 20 W 206

This case study has assumed that the candidate locations have met the necessary political

and economic criteria commonly used in selecting new installations. The decision maker can decide

if these sites are acceptable, or can easily substitute different sites. There may be other essential
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criteria that should be considered in the selection of the sites, but as a result of interviews with the

decision maker(15), the selection was primarily based upon the more imagings, the better.

5.2 Choosing a Representative Satellite Population

Determining a representative satellite population was a difficult process because information

was classified (security) as to the desired types and orbits of satellites that are desired targets.

Thus, it was assumed that most desired targets are probably of the reconnaissance class and would

require orbits that pass directly over Canada and the United States. One can assume that a

majority of these satellites occupy a sun-synchronous type of orbit that would place the satellite

over the same spot of North America at the same time every day. This is required to ensure

that changes noted by the onboard optical instruments are changes due to man and not due to

differing sun angles. Thus, out of the fifty satellites initially chosen, 24 satellites occupied orbits

with inclinations from 90 to 99 degrees. The remainder of the satellites were chosen to provide a

variety of orbital parameters (period, eccentricity, etc) with inclinations ranging from 43 degrees to

90 degrees. The satellites were selected through an elimination process from the NORAD satellite

catalogue. Out of approximately 22,000 entries (3 megabytes on disk), the list was pared down by

eliminating debris, rocket boosters, inclinations less than forty degrees, non-earth centred orbits,

and orbits for which no element sets were listed. Fifty satellites were selected based upon the

assumptions above, and the corresponding element sets were gathered from a relatively small (4.5

megabytes) file of NORAD two-line orbital element sets from July/August 1990. Only 48 satellites

were required for the case study, but two extra were chosen to provide a backup should one of

the orbits be unusable1 . The satellites chosen and the applicable parameters from the NORAD

'This was the case with the Soviet Granat satellite which, although it was within view of all of the sites many

times during the 31 day period, was not imaged by the majority of sites. Its orbit was quite different from the other
satellites (0.9 eccentricity) and probably did not fit the category of a 'spy' satellite, but was initially chosen for its
differences. Unusable meant that inclusion of that satellite in the problem would be too restrictive for a test of the
procedures used in this research.
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two-line element sets are shown in Appendix U. This data was used in both the PASSCHED2 and

MathCAD programs.

5.3 PASSCHED Calculations

After gathering the NORAD two-line element sets for the fifty chosen satellites, the data was

prepared for PASSCHED3 input. The pass scheduler is a program that generates rise and set times

of satellite passes from a set pre-selected files of observation sites and NORAD two-line orbital

element sets. The purpose of using this program was to generate pairs of rise and set times for

observations from each of the radar sites such that the MathCAD program could determine if the

satellite had been imaged. The site data was placed in a file called CANADA.OBS (Table 5.1 which

contained the name of the site, the latitude and longitude of the site using the qualifiers N and W

for the directions as applicable, and the height of the site in metres above mean sea level (MSL). For

ease of handling, the fifty satellites with their two-line element sets were broken down into smaller

files which basically described their inclination: ORBIT40.TLE, ORBIT50.TLE, ORBIT60.TLE,

ORBIT70.TLE, OBRIT80.TLE, ORBIT90A.TLE, ORBIT90B.TLE, and ORBIT90C.TLE. The

PASSCHED program was run fifty times choosing one satellite at a time. For all runs, the minimum

rise angle required for inrNeqion in the output, and the mask angle were set at five degrees4 ; the

minimum observation time was set to zero minutes; and the start and finish times were set to

0000 hrs GMT 5 1 Sep 90 and 0000 hrs GMT 1 Oct 90, respectively. The fifty output files totalled

approximately nine megabytes of information. An example of an output file is shown in Appendix A.

The PASSCHED output was designed for human interpretation and was not suitable for

MathCAD input since the dates were only included for the first pass of each day. Occasionally a

satellite would rise late on one day and set early on the next day. Since only one date, if any, was

2The full two-line element set was used in the PASSCHED program.3PASSCHED (Pass Scheduler)(18) was written by Dr T.S. Kelso at AFIT, WPAFB.
4 Bohannon and Young(5:3) state that at elevations below five degrees above the horizon, atmospheric attenuation

reduces the sensitivity of the Haystack radar.
5Greenwich Mean Time or Universal Time.
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on an output line, the user was left to interpret the difference in dates by the numerical values of

the times: a set time of lesser value than the rise time meant a new day.

The PASSCHED output data was prepared for spreadsheet input by deleting control charac-

ters in the file and delimiting the columns of data using a word processor and macros. MicroSoft

Excel was used to convert the date and time entries into a Julian day for the year 1990. If no date

was present on that line, the spreadsheet was instructed to assume the previously given date. The

formulas also compared rise and set times so that the appropriate Julian day was assigned to the

set times. The resulting fifty intermediate step Excel files took up 45 megabytes of disk space. The

Excel files were then broken down into one site per satellite from the twelve sites per satellite files.

The resulting 5926 two column files were saved in ASCII format with a preceding letter in the file

name to describe the site/satellite combination: E.g. D6CS1884.PRN for the rise/set time of COS-

MOS 1884 as viewed by Cold Lake, Alberta. The files contained two columns which described rise

and set time pairs in JD.HHMMSS format; E.g. 144.154308, Julian Day 244 (2 Sep), 15 hours, 43

minutes, and 8 seconds. A sample of the input format is shown in Appendix A and a small sample

of the final output format is shown in table 5.2. The final result was 592 files (three megabytes)

suitable for MathCAD input 7 .

5.4 MathCAD Program

The MathCAD program was designed to take the modified PASSCHED rise/set times and

calculate an effective angle of rotation that the satellite had rotated through with respect to the

observing radar. It was assumed that the largest angle of rotation occurs between the first sighting

and the last sighting by the radar. The coordinate transformations and calculations are documented

with the MathCAD program listed in Appendix B.

6 Eight satellite/site combinations contained no observations.
7 There should have been 600 files except that there eight cases where zero observations were recorded.
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Table 5.2. Rise/Set Times: Input for MathCAD

Rise Time Set Time
JD.HMS JD.HMS

244.080739 244.081800
244.094550 244.095743
244.112523 244.113317
244.192133 244.192859
244.205632 244.210845
244.223543 244.224706
245.070951 245.071547
245.084646 245.085825
245.102530 245.103621
245.195848 245.200913
245.213545 245.214814
245.231652 245.232556
246.074810 246.075747

273.183838 273.184916
273.201652 273.202753
273.220043 273.220351

The weights, or number of observations was determined by calculating the number of times

in a one month period that a satellite could be imaged by a radar site. The 'observation' depended

upon several orbital and radar limitations. For a given desired cross-range resolution (say 0.12

metres), an imaging radar must 'observe' the satellite through a minimum angular rotation given

by the following equation(21:23):

A
2sinO (5.1)

where:

A is the desired cross-range resolution.

A is the wavelength of the radar in metres, and can be calculated by dividing the propagation speed

(essentially the speed of light) by the frequency of the radar (12 GHz).

E is the apparent angular rotation of the satellite as viewed by the beam of radar.
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To determine if a satellite was observed for the minimum angular rotation, the GCI coordi-

nates of the radar were determined for the times when the satellite was ascending and descending

through 5 degrees above the horizon (the limit of radar field of view). The satellite's ECI coordi-

nates and the radar's ECI coordinates were transformed using a rotation matrix into the coordinate

frame of the satellite. The radius vector, in the satellite coordinate frame, from the radar site to

the satellite was calculated for the rise and fall times of the satellite, and then by performing a dot

product of these two radius vectors, an angular rotation for the satellite was determined. If this

angular rotation was greater than the minimum determined by equation 5.1, then an observation

was recorded.

An additional coordinate transformation was performed to place the satellite in the coordinate

frame of the radar. This gave azimuth and elevation information which was checked against the

PASSCHED output to confirm that the same calculations and assumptions had been performed on

the orbital element sets and thus the times were safe to use. The calculations were confirmed.

The MathCAD program was run 592 times, once for each of the satellite/site combinations'.

During the runs, appropriate changes were made to the program to ensure that the correct site

data and element set were read in to correspond with the .PRN file being calculated. The output,

including the null sets, resulted in 600 numbers which described the number of times that each of

the twelve radars had imaged the fifty satellites in a 31 day period. This data9 was used for the

costs/weights in the objective function of the SAS/OR program files.

5.5 SAS/OR Program Files

Based upon the success of the two NWSC formulations developed in the preceding chapter,

SAS/OR program files were prepared for the site (j = 12) and satellite (i = 16, k = 3) data.

The input files were modelled after the reduced formulations presented in Appendices J and P. The

sEight of the 600 possible combinations were null sets and were not run.
9 Minus two satellites
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variables describing the site-satellite arcs were named using a letter from A to L and a number from

one to three to describe the site and which state it was in, and a number from 01 to 48 to describe

the satellite. The 48 satellites were randomly placed into three sets of 16 satellites representing the

three states. This simplistic model assumed that the decision maker would be aiming to image the

first 16 satellites this month, the second 16 satellites next month, etc.

As discussed previously, the number of constraints escalates rapidly as the number of demands

and sources increase. The resulting SAS/OR program files were too large (> 500 kilobytes each)

to be included in their entirety as an Appendix. The final program files are stored on 31 inch high

density diskettes with the Department of Operational Sciences at AFIT, Wright-Patterson AFB,

Ohio.

5.6 Results and Analysis

5.6.1 Network With Side Constraints Using Simulated Gains. A partial listing of the pro-

gram for p = 1 is shown in Appendix V. As calculated in the previous chapter, the number of

side constraints was 408. Unfortunately, for this formulation, with the number of side constraints,

variables, and calculations required, the computations were halted due to errors stated by SAS as:

ERROR: Working basis matrix singular in iteration 250. The problem may be nu-
merically unstable. ZERO2 may need altering. Try rerunning using different pricing
strategies etc. that may avoid this basis.

NOTE: Will assume that the successive column updates have accumulated round-off
errors. The working basis matrix will be refactorized.

When the program was modified for p = 2, the SAS program halted after 298 iterations.

These errors could possibly be due to computer round off error due to the number of matrix

inversions involved in these calculations. This formulation may work for other numbers or smaller

formulations, as it did in the 'test' problem, but it did not work for this combination of costs and

variables.
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5.6.2 Network With Side Constraints Using Multi-Commodity Flow. A partial listing of this

formulation for p = 1 is shown in Appendix W. As discussed in the previous chapter, this formu-

lation is of a factorial nature with respcct Lo the total number of 'arc-restricting' side constraints

possible. But, also based upon the success of the 'test' problem in using less than the maximum

number of arc restricting side constraints, an attempt was made to solve the case study for 1, 2,

and 3 facilities. Initially the p = 1 problem was formulated with five arc restricting side constraints

such that all of the satellites in state one were included in the five equations:

Xal,l ,+ Xbl,2 + Xcl,3 + Zdl,4.+ Xel,5 + Xfl,6 + X 9 1 ,7 + + Xkl,l 1II XZl, 12 < 0

Xa1,1 + 2bl,3 + cl,4 + Xdl,5 + Zel,6 + Xf 1 ,7 + Xl,8 + •+ Xk1,12 + X11,13 <: 0

:al,1 + Xbl,4 + Xcl,5 + 2Tdl,6 + Xel,7 + Xf! 3 + Xgl,9 + •+ • k1,33 + X11,14 <5 0

Xa1,1 + Xbl,5 + 2:cl,6 + Xdl,7 + Xel,8 + Xfl,9 + Xgl,10 +-... + XLk1,14 + XI1,15 • 0

Zalj + Xbl,6 + Xcl,7 + XdI,8 + Xei,9 -4 Xj1,10 + X91,11 + - • " Zkl,15 + X1i,16 0 0

Additionally, there were 24 side constraints (j x (k - 1)) to ensure that if a super source-

facility arc in state one was chosen, the corresponding arcs in states two and three would also

have the same flow. There were also 384 side constraints (i x j x (k - 1)) that ensured that if a

facility-demand arc in state one was chosen, the corresponding arcs in states two and three were

also selected.

The set of arc restricting side constraints was obviously not all inclusive, but it did provide

a starting point whereby an integer solution was given. This solution chose facility C as filling 12

demands, while facilities F and G each filled one demand, and facility 3 filled two demands. The

solution given was 10299 imagings which was higher than the eventual optimal solution because

more than one site had been chosen. Two additional arc restricting side constraint equations were
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inserted such that the demands that F, G, and J hau filled were included in an equation along

with a demand that C had filled. Thus this would force the next solution to choose only one of the

above facility-demand flows. The facilities that had not been selected were also inserted into the

equations such that there was no repetition of satellites within the same equation. For example,

the following equations were used (the critical variables are highlighted):

Xal,5 + Zbl,6 + 21:i,7 + Zd1,8 + Xel,9 + Xf 1 ,4 + X.I1, 3 + Xh1,12 + Xil,i + Xji1 ,1 4 + Xk1,15 + X11,16 < 0

Xal,5 + Xbl,6 + Zcl,7 + Zdl,8 + Xel,9 + Xf1,1O + X91,11 + Zhl,12 + Xil,2 + Xj1,14 + Xkl,15 + X11,1 6 <: 0

The next solution with the new constraints added chose facilities B, E, G, and H as well as

C, with a solution of 10270 imagings. The facilities B, E, G, and H had only imaged one satellite

in each state, and thus only one extra constraint was required for the next formulation:

Zal,5 + XbI,I + Xcl,7 + Xd1,S + " el,2 + XJ1,1O + Zgl,z4 + Zhl,3 + XiI,13 + Xj1,14 + X£1,15 + X11,16 <: 0

This procedure was repeated five times until a non-integer solution was given. Even though

the values given for the arcs were now non-integer, this facility-demand elimination procedure could

still be applied. The number of constraints added, however, was usually more per iteration than

for the integer solutions, since more than one facility was imaging a single satellite'°. The effect of

the iterations upon the optimal solution is shown in Figure 5.2.

In an attempt to come to the feasible (only one site chosen) optimal solution quicker, the

equi-distribution of flow constraints (equation 4.3) were added for the facility nodes. This resulted

in an additional 192 side constraints. The new equations were given as:

16x.,l -- xS,al = 0

"10The sum for each satellite was still one.
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These constraints forced flow along all 16 arcs emanating from a facility, if there was flow into that

facility. The factor of 16 was used in the constraints since any flow into the facility must be 16 to

ensure a flow of one out of the sixteen arcs leaving the facility.

However, when the new formulation was run, at iteration 1172, a singular matrix was encoun-

tered and SAS warned of a round off error similar to the error encountered when testing the NWSC

using simulated gains. It was reasoned that since there appeared to be a trend towards facility C,

the equi-distribution of flow for the remaining fifteen facilities could be dropped and perhaps solve

the singular matrix problem. If the trend toward facility C was false, then the inclusion of the

singular set of equi-distribution of flow equations would force C out of the solution. The resulting

run proved successful with the optimal solution being 9917 imagings using site C (Churchill, Man-

itoba). The solution is shown at Appendix W. This solution corresponded with the solution given

when an enumeration of all of the site-satellite pairs was performed.

Based upon this success, the initial formulation using only five arc restricting side constraints

was reconfigured to include the 16 equi-distribution of flow constraints for facility C. This formu-

lation was also successful (only one site chosen) and showed that, in this 'case, once a pattern had

developed, the equi-distribution of flow side constraints could be used to quicken the arrival of a

solution.

To confirm that the equi-distribution of flow constraints would either force the integer solution,

or kick the facility out of the solution set, fifteen additional runs were made using the formulation

in the preceding paragraph, and modifying the 16 equi-distribution of flow constraints to include

the other facilities, one at a time. None of these other formulations resulted in a wholely integer

solution. However, the facility that had been included in the equi-distribution of flow constraints

did not appear in the solution set, thus confirming the assumption above.

The NWSC using multi-commodity flow was run again for p = 2 and p = 3 facilities to be

chosen. The formulations were identical to the p = I formulation with the only changes being
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the limit of the upper bound for the 48 demand-sink arcs. The upper limits corresponded to he

number of facilities to be chosen. The output from the SAS/OR runs are shown in Appendix W.

The results of these two sets of runs were similar to the p = 1 calculations. A summary of the sites

chosen is shown in Table 5.3.

Table 5.3. Sites Chosen By NWSC

p Location(s) Chosen
1 Churchill, Manitoba
2 Churchill, Manitoba

Whitehorse, Yukon Territory
3 Churchill, Manitoba

Whitehorse, Yukon Territory
Alert, North West Territories

The trend appears to favour northern sites which had more imagings of the high inclination

satellites. Recall that the high inclination satellites comprised the plurality of the satellites in this

case study. Churchill is chosen first since it is the most northerly site that can still image all of the

candidate satellites. Once that constraint is met, the network flows chooses the sites with the most

number of imagings.

5-13



VI. Conclusions and Recommendations

6.1 Summary

This research has presented a study of the maximal coverage p-median facility location prob-

lem as applied to the imaging radar facility location problem. The classical mathematical for-

mulation of the maximal coverage problem was converted into network-flow with side constraint

formulations which had been developed using a small 'test' problem.

Although both the network with side constraints (NWSC) using simulated gains, and the

NWSC using multi-commodity flow had worked for the 'test' problem for p = 1 and p = 2 facilities

to be chosen, the formulations ran into difficulties with the large scale case study. These difficulties

were largely the result of the VAX's computational round off errors introduced during the matrix

inversion process.

In the case study, the NWSC using multi-commodity flow resulted in solutions that appeared

to show a trend towards an optimal solution. An iterative process was adopted using results from

each run to eliminate the facility-demand arc flows for the facilities that imaged only a few satellites.

This process eventually went from integer to non-integer solutions, however, the trend towards an

optimal solution continued. The addition of equi-distribution of flow constraints for those facilities

that appeared to be the facilities to be chosen resulted in an immediate optimal solution. Although

the multi-commodity flow formulation for this case study could have a possible 871,782,912,000

arc restricting side constraints, when combined with a selected set of equi-distribution of flow side

constraints, a solution has been achieved in as little as two steps, and with as few as five of the arc

restricting constraints included'.

Using a selected group of satellites and the candidates sites shown in Table 5.1, a set of sites

shown in Table 5.3 was chosen for p = 1, p = 2, and p = 3 sites. The selected sites tended to be

1The 'if state i, then state i + 1,2,etc.' and like arcs in different states constraints described in Chapters IV and
V were still required in the formulation; their requirement never changed.
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located at northerly latitudes where more observations of the high inclination satellites occurred.

Because of the secretive classification of the desired targets, the results of this research are only

an illustration of the selection of potential facility sites. The solution methodology used in this

research is receptive to changes in site locations and numbers of sites and satellites. The end user of

this methodology will have a more accurate knowledge of target satellites and imaging requirements

for input than this research had, and thus will be able to accurately choose a site.

Two formulations of networks with side constraints provided results. However, the NWSC

using simulated gains appeared to be susceptible to computational round off error as a result of

matrix inversions, possibly due to the highly organized nature of the side constraints.

Modelling the problem with a multi-commodity type network initially appeared to be imprac-

tical due to the potential factorial nature of the number of arc restricting side constraints required.

However, with the addition of some equi-distribution of flow constraints, this formulation can be

solved in as little as two steps. The first step would involve using the formulation with a minimal

number of arc restricting constraints, covering all the demands from at least one facility, which

would supply a solution that may indicate a trend. That trend would be used to develop a set of

equi-distribution of flow side constraints for the indicated facility or facilities, and these constraints

included in the second step of the NWSC procedure. The equi-distribution of flow constraints would

either prove or reject the given trend. If the trend was rejected (the indicator for that facility now

being zero), a new trend would appear and another set of equi-distribution of flow side constraints

would be added.

It should be noted that there are other methods, such as the knapsack problem, that can be

as efficient, or more so than NWSC. However, the NWSC method was evaluated since it can be

easily modified to include additional constraints, or be converted to a set covering type of problem,

or be used for multi-criteria problems.
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6.2 Recommendations For Further Study

The imaging radar location problem is formulated and solved by applying the concepts and

theories of three distinct areas: astrophysics, radar, and operations research. The solution method-

ology developed in this paper could be improved by further work in any of these disciplines.

A major assumption made in the development of this methodology is that networks with

side constraints are more computationally efficient than standard linear and integer programming

methods. Although for the p = 1 problem, straight enumeration may be as effective as the NWSC

calculations, increasing the number of facilities to be chosen should favour the NWSC methodology.

It remains to be shown, however, that when the number of side constraints approach or exceed the

number of items in the node-arc incidence matrix, that the NWSC methods developed here are still

more computationally efficient than linear programming procedures.

A sensitivity analysis of this solution methodology for the solution with respect to the input

parameters should be performed. A procedure needs to be developed which would determine the

effects of varying site/satellite/state parameters, numbers, and combinations.

The NWSC using simulated gains shows potential as a consistent formulation for any number

of p. However, a method needs to be developed which would break down the highly organized side

constraint matrix into smaller combinations of identical matrices, and use this to avoid the current

singular matrix error which results after a number of matrix inversions and resulting computational

round off error. Unless a method can be found to bypass this error by taking advantage of this

organization, this formulation does not appear to work for large problems. An advantage to this

formulation, should a method be devised to bypass the matrix singularity problem, is that the same

formulation works for all values of p, with the only changes required being in the upper limits of

the demand-sink arcs to correspond to the value of p.

The effects of varying bandwidth and frequency of the imaging radar within the same for-

mulation, or by using a series of formulations with different radar parameters, should be explored
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to determine the impact upon a choice of sites. The MathCAD program and NWSC formulations

used in this research are presently set up for only one set of imaging radar characteristics at a time.

The methods used in going from the pass scheduling program (PASSCHED) to the SAS/OR

program were very labour intensive. The PASSCHED program could be modified to perform the

calculations necessary to determine the number of imagings per site for each satellite, and convert

these into the required SAS/OR input files. An additional program could be developed to take

the first run NWSC multi-commodity flow output, and based upon the first run trends, calculate

the necessary equi-distribution of flow constraints required, or additional arc restricting constraints

required (if any), for the second step of the procedure. This research could also be used to determine

if this method will consistently lead to an optimal solution.

The similarity of the curve shown in Figure 5.2 to that shown in Chan(7) and Nemhauser(23)

with respect to Benders' Decomposition indicates that it may be possible to predict an optimal

solution based upon a trend towards a given site. Further research should be conducted to confirm

that a relationship exists.
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Observing Site: Cold Lake Alta Start time: 01/0000 Sep 1990
54 26 00 N Stop time: 01/0000 Oct 1990

110 10 54 V Min elevation: 5 degrees
572 meters MSL Nask angle: 5 degrees

Satellite Date Rise Az El Toe AZ El Set Az El Vis

N 1 01 Sep 199 080739 15 5 081256 74 22 081800 134 5
N 1 094550 358 5 095156 276 66 095743 194 5
N 1 112523 339 5 112923 297 13 113317 256 5
M 1 192133 98 5 192516 61 11 192859 24 5
N 1 205632 160 5 210236 82 54 210845 4 5
N 1 223543 216 5 224122 282 29 224706 348 5
N 1 02 Sep 1990 070951 32 5 071251 62 8 071547 92 5
N 1 084646 7 5 085245 84 46 085825 161 5
N 1 102530 351 5 103103 286 30 103621 219 5
N 1 195848 127 5 200400 70 22 200913 13 5
N 1 213545 184 5 214157 271 73 214814 357 5
N 1 231652 245 5 232123 292 14 232556 339 5
N 1 03 Sep 1990 074810 17 5 075304 72 18 075747 126 5
N 1 092609 0 5 093215 274 81 093801 187 5
N 1 110529 342 5 110953 295 15 111408 248 5
11 190243 89 5 190548 58 9 190853 28 5
N1 203701 153 5 204300 79 44 204900 6 5

l 1 221543 209 5 222135 280 35 222730 350 5
N 1 235958 285 5 000143 302 6 000328 318 5
N!1 04 Sep 1990 065100 40 5 065252 59 6 065442 77 5
N 1 082710 9 5 083258 81 37 083827 154 5
N 1 100545 353 5 101127 283 37 101652 213 5
N 1 114628 324 5 114827 305 7 115024 285 5
N 1 193934 120 5 194428 68 18 194922 16 5
M 1 211602 177 5 212216 268 88 212832 359 5
N 1 225635 236 5 230130 289 17 230626 342 5
N 1 05 Sep 1990 072843 21 5 073310 69 15 073728 117 5

1 090629 2 5 091233 91 82 091816 180 5
N 1 104538 344 5 105021 292 18 105453 240 5
N 1 184408 77 5 184621 56 7 184835 35 5

N 1 31 Sep 1990 231811 260 5 232146 296 10 232521 332 5
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MathCAD Program for Calculating Number of Radar Observations

Definition of constants used in calculations

rev revolutions of the
S:=1.00273790934-- earth per mean solar
e day day (24 hours)

R 6378.1401km Earth's equatorial
e radius

3
14 m Geocentric gravitational

3.986005"10 -- constant
2

sec

1
f. Flattening factor

298.257 for the Earth

J 0.00108263 First Order Secular Variation
2 due to Earth's gravity

1. Calculate Geocentric Latitude of the Observing Site

sitedata := READPRN(canada) Site location data for
all twelve selected sites

colns := cols(sitedata) colns = 7 number of columns
of data

c := 1 .. colns

Example: pick out data for St. Margarets, N.B.

OD := sitedata ODT = (46 53 58 65 12 37 24)
c 10,c

where first three entries are Latitude in degrees, minutes,
seconds North; next three entries are Longitude in degrees,
minutes, seconds West; and final entry is height of site
above Mean Sea Level in metres

h := OD -m h = 24'm
7



Mean Anomoly at time of setting

M =r mod[M 0rad + no -[t5 t r EJD] + ndot1  set r E- ,D2"]

M = 4.5894"rad M = 262.956"deg
set setJ j

E := M + e-sin(E) 0 Equation for Eccentric Anomoly which
must be solved iteratively

E M + e sin H Initial estimate of
ris ris is Eccentric Anomoly at time

r r of rise

Eris r°t[r - Eis r +esin[E s ]'E r]is

E H + e-sin HInitial estimate of
set set et Eccentric Anomoly at time

r r r of setting

E root[- E + e'sinE 1,E 1 E
set set set set set

r r r I r r

E = 2.5195-rad E = 4.5873 rad
ris set

J J



Convert Geodetic Latitude to decimal degrees format

[ OD OD
A. 2OD O OD3] = 46.8994-deg
OD +-+ dog
L1 60 3600J North Geodetic Latitude

Convert Longitude to decimal degrees format East of 0 degrees

OD OD
5 6

[360 - OD+ -+]]de
E -4 60 3600 d

= 294.7897"deg East of the Prime Meridian
E

Convert Geodetic Latitude to Geocentric Latitude

o := Latanl(i - f) 2tan(O)J = 46.7074.deg
gc gc

(North, Geocentric Latitude)

2. Calculate Local Siderial Time at the Observing Site

A reference time is used in calculations of ECI coordinates. The
reference time is GAST (Greenwich Apparent Siderial Time) which for
0 hrs UT 1 Sep 90 (Julian day number 244) is 22 hrs, 39 min,
35.9203 sec.

Convert date and time to decimal day format

:= 22"hr + 39"min + 35.9203"sec 6 = 22.66"hr
go go

Our Reference Julian Day (using 0 hrs UT 1 Jan 90 as 1.0) is:

RJD := 244"day

6 defined in terms of radians is:
go

0
go

B := -- 2"n 0 - 5.9324"rad
go 24"hr go



0 tIg<6> Argument of Perigee at Epoch

o 0) = 210.675-deg 0 = 3.677'rad
o 0

X Isa <7>1. e Mean Anomaly at Epoch14 := Isat -deg

o 0 = 149.2556-deg X = 2.605.rad
o 0

I <8>1 rev Mean Motion (revolutions per solar day)
n : s at s --

o day rev
n = 2.13102429--

o day

1

3 a is the length of the semi-major axis of the
ellipse formed by the orbit

a [21
a = 25507.9914km

p a. -• 2] p = 25507.8715'km

Application of the first order J secular variations for:
2

Regression of the line-of-nodes

2
3"J *R

2 e

ris 
0 

- 2]

Q = 0.6359"rad a = 36.4369"deg
ris ris

j J



2
3J1 *R

2 e
Co- 'O i],n 0 Ftst ED

set 0 2 -a 2 e 21o [s t

Q O.6359-rad Q = 36.4318-deg
set set

Rotation of the line -of -apsides

2
3-n J -R

(0ris :(0 + a 2 e -si NS~j 2] its-JDI

-a 2 .[l - e2]

0) 3.6738-rad =0 210.493-deg
xis xis

2
3-n J *R

0 :=) + 02 ei [ 5]2].
set 0 2 [ 0il~ [te JD]

a 2 .[l e 2]_

=0 3.6738-rad (0) 210.4924'deg
set set

Mean Anomoiy at time of rise

m =i mod[M * rad + Ft 0- i EJD1 + ndotl rit - EJD1,2ltn

14 2.5183-rad 14 144.2854-deg
ris ris



t = 244.1789"day t = 244.3336"day
ris setj J

The angle between the unit vector I (vernal equinox direction)
and the Greenwich meridian is the greenwich siderial time, which for
the rise and set time of the satellite are given by:

Oris := 0 + rt - RD]'( Oris = 7.0593"rad
g go Lris Je g

j

Oset := 0 + [t - RJD] ")e Oset = 8.0339"rad
g go Lset Jeg

J

The local siderial time for the observing site is given by:

Oris := modris + X '2i"n Oris = 5.9212"rad
r 9 rj

Oset :=modset + X '2"tn Oris = 5.9212.rad

r 9 d EsItg

3. Calculate ECI (Earth Centred Inertial) Coordinates of Observing Sites

Intermediate calculations using quasi-constants C and S:

1
C= C = 1.0018

S 2 2 2

cos(•) + (1 - f) -sin(•)

2
S := (1 - f) *C s = 0.9951



Calculation of distance and radius vectors from centre of ECI
coordinates to radar site:

scalar distance to
2 + 1C2 a point at MSL

R :=R ] [_+ ]+ . . - cos(2"0) approximately
02 beneath the radar

site

R = 6366.78391km h = 24.m altitude of radar

o site above MSL

by including altitude
2 2 of radar site, now have

R:= R +h + 2"R "h'cos[ - true distance from ECI
0o gcI centre to radar site

R = 6366.8079"km

ECI coordinates for the site at the satellite rise and set times are:

"Rris
I
r [cos [Orisi -sin O8ris ] ]R cos[ ]

J sin Oris cos Oris ][ 0m

r r r sin[g

K
iset

I
r cos [Oset 18 -sin Oset Rcos[ 1]

Ret r L. r 0 j .gc I 5
J sinleset Cos Oset O 01m

r [ 0ri rJ 0 [asin[g

ris Rset
I I

j j
Rris _4082.8821 k Rset 3572.056 kJ = 1546.266~ 1 2510.2 cm

j 4634.153~ j 5O4634.15
Rris Rset

K j .K

.. .. . . . . .



4. Calculate PQW (Perifocal) coordinates of the satellite at the rise and set
times.

Obtain the satellite orbital elements from a file containing selected

portions of the NORAD two-line element sets.

satdatel := READPRN(elements)

Select the desired satellite:
<10> in this case M 1

satel := (satdatelT) and choose the elements
for that satellite

sat := satelT

197.2593986
-0.0000001

64.890
tT) <j> 37.987

(sat = 0.002168
210.67

149.255
2.13102421

EJD Isat<1>i-cay Julian Day of Satellite Epoch for 1990

EJD = 197.25939867"day

<2> rev First Time Derivative of the Mean Notion
ndot := sat - rev

2 ndot = -0.00000015-
day 2

day

i := t <3> jg Inclination of the orbit

o i = 64.8901-deg i = 1.1325.rad
o o

i <4>1 Right Ascension of the Ascending Node:=sat .deg

o = 37.9878-deg = 0.663"rad
0 0

I <5>1 Eccentricity of the orbit
e : sat06
e = 0.0021686



5. Calculate ECI Coordinates of the satellite at the rise and set times

Define rotation matrix to convert PQW to ECI reference frame
for the rise time of the satellite

Rll cos[r r]coSL•ris r1 - sin rls r Sin[ri5 rIcOsEiO c

R1ris r: -csrris r]'in, ris r]-sn ris r]'C ris r]"c [iO I

R12 sin r "c s ] rin ] - sin ]Cos ' r] Cos

R2ris r := rnris r]'Sin[ris r] + orris r]'C ris r]'C°[io

R13risr sin3sris r1 sin[i 1I

R21 1i *cos ri 1] + co sinrri r]cos[i 1
na s r rnis na, co[ ris r]

R22 ri si ssin[( is +Cs i cos[O 1 i Cos [io r ICO~
ri r r r]s j r ris + r]s J]i

R 3ris r. -o ris r] , i i I

R31risr sinrris r) 1sin[i ]O

R32risr cos0ris r1 sin i ]O R33ris r := cos[i ]

r ........ ....... ..... . .. . . . . . .



6. Create rotation matrices to convert ECI coordinates to satellite coordinate
frame: "b" frame.

Calculate the velocity vectors of the satellite

V := -sinv 4' V: -sinv •
ris.P ris 'fp set.P set

V. [+cosv v : + ecosv
ris.Q ris set.Q set

km km
V =0- V 0'-

ris.W sec set.W sec
r r

V V
ris.P set.P

V -2299.4609 V 3921.0860 a
ris.Q -3206.86 - set.Q = - 4 93 .07  .

sec jsec
V V

ris.W set.N

Define h vector (vector perpendicular to orbital plane), which is
found by r X V

2 2
M m

h 0.- h 0"-
ris.P sec ris.Q sec

r r

h :=r V -r V
ris.W ris.P ris.Q ris.Q ris.P

r r r r r



"R1l R12 R13
ris ris ris

J J J
R21 R22 R23 -0.5653 0.6254 0.5371

ris ris ris = -0.685 0.0072 -0.7285
j j j -0.4595 -0.7803 0.4244

R31 R32 R33
ris ris ris

j j j.

1l R12 R13
set set set

R21 R22 R23 1-0.5654 0.6254 0.5377
set set set = -0.685 0.0071 -0.7284

j j j -0.4595 -0.7803 0.4244
R31 R32 R33

set set set
J J j.

The radius vector from the centre of the ECI coordinate frame (Earth's
centre) to the satellite expressed in ECI coordinates is given by:

r RlI R12 R13 r
ris.I ris ris ris ris.P

r r r r r
r R21 R22 R23 r
ris.J ris ris ris ris.Q

r r r r r
r R31 R32 R33 r
ris.K ris ris ris ris. W

rr
r
ris. I

r 21046. 9151
ris.J = 14345.3089 km

j -2047.5582J
r
ris .K

2 2 2 The scalar value of
r r + r + r the radius vector

ris.ECI ris.I ris.J ris.K at the rise time
r r r r



Define rotation matrix to convert PQW to ECI reference frame
for the setting time of the satellite

Rll set r Co oset r]'Cos set r]- sin rset r]*sinrset r]c°io

R12 set setr]sin rset r] [sin set r ['Cos set r]'C° [ioI

R13 set r 1= sin [`0 1[ 1i

R21set r [sin set r]iCoSerset r] + c [oset r]JSin rset r i o LO J
R 22 se sin r se 1] sinI~ 1s t r o s t r~ c sr e .r -o i

set [set r]J ro

R31set r sin r] ]*os [it r

setr [s et [st sin [i[

r



components of the radius vector in the PQW reference frame, the
orbital reference frame (Perifocal)

r r cosv
ris.P ris ris

r r r

r r "sinv
ris.Q ris ris

r r r

r =Okm
ris.W

r

r r cosy
set.P set set

r r r

r r "sinv
set.Q set set

r r r

r 0:Okm
set.W

r

r
ris .P

j
r 1-20784.93361
ris.Q = 14 8 64.036 1 .m

r
ris.W

jL
"r
set. P

r 1-3237.8660
set.Q = -25308.611 'km

r
set.W

j.



r Eli R12 R13 r
set.I set set set set.P

r r r r r
r R21 R22 R23 r
set.J set set set set.Q

r r r r r
r R31 R32 R33 r
set.K set set set set.W

r r r r r

r
set. I

r -13997.561•
set.J = 2037.177 "km

j 21235.0641
r
set. K

L jj

2 2 2 The scalar value of
r r + +r the radius vector
set.ECI set.I set.J set.K at the set time

r r r r

r = 25552.94571km r = 25514.89311km
ris.ECI set.ECI

j j

Recall from earlier calculations, the scalar value of the satellite
distance from the focal point about which the ellipse of the orbit
was formed (centre of the Earth)

r = 25552.94571km r = 25514.8931"km
ris set

j J

Which confirms the accuracy of the rotation matrices



cosine of true anomoly, v, at time of rise and setting

e - Cos
e LrisB

cosv : cosv = -0.8134
ris eco riB

r [ris rj

e -coBs
[set r

cosv := cosv = -0.1269
set ecos 1 - 1 set

r set rj

r :a - e Cos scala: distance from satellite
ris ris rjto centre of ECI coordinate

r frame at time of rise

r :a -e1cos1 ] scalar distance from satellite

set set to centre of ECI coordinate
r r frame at time of setting

r = 25552.9457km r = 25514.8931km
ris setj j

sine of true anomoly, v, at time of rise and setting

a-1 - e2
sinv~ -sin [i I sinv 0.5817

risr r ris s ris ri ris

r

a-F1 -e2

sinv set r sinIset 1 sinvset = -0.9919

str rset [Ee r_ e

r



Read in rise and set times (JD.HMS format for the year using
0 hrs UT 1 Jan 90 as 1.000000) for a satellite as observed by the
radar site

satdat := READPRN(s6cs2079) nrows := rows(satdat) nrows = 64

j := 1 j is the subscript used to show results for the first
number in a set of results where examples are shown

(satdatT) = (244.041734 244.080019) two columns representing
rise and set times

r : 1 .. nrows

Convert JD.AHS format to decimal format of JD (Julian Day)

NOTE: In using the floor function, 0.1 is added to correct for any
calculation errors due to machine limitations.
E.g. Due to calculations in previous floor and multiplication
operations, the seconds value before the floor operation may turn out
to be 39.999... vice 40, which would result in an erroneous seconds
value of 39 after the floor function. In one extreme case where the
last four digits were 3800, MathCAD calculations resulted in a minutes
value of 37 and a seconds value of 100. The inclusion of the 0.1 in
the floor function has corrected this error and the correct integer
values are given for the breakdown of the time data.

Rise Times

t floor satdat + 0.1] t =244
dris" r,l1 dris

r j

<1>1
satdatrl := 100- atda - t i

dris

r j

satdatr2 := [satdatrl - thris J '100

t := floor[satdatr2 + 0.11 t =17
iris jr Jis

rj



satdatr3 [atdatr2 - t]mi 100

t .floor [atdatr3 + 0.1 t =34

rj

t t t 1
hris mads sris

t t + - + - + - day
ris dris 24 24-60 24-60-60

Set times

t floor satdat + 0.11 t =244
dset r,2 Jdset

rj

<2>1
satdatsl loo- satdat - t de

t :=floor satdatsl + 0.1] t =8
hset [s r J hset

rj

satdats2 [s atdatsl -t ]st 1100

t :=floor satdats2 + 0.i t =0
inset L r J set

rj

satdats3 [atdats2 - t ]st1 100

t floor satdats3 + 0.11 t =19
sset L r Jsset

r.

t t t 1
hset inset sset

tas t + - + - + - -day
st .dset 24 24-60 24-6060.



2 2
m m

h :=0- h 0.-
set.P sec set.Q sec

r r

h :=r V -r V
set.W set.P set.Q set.Q set.P

r r r r r

h h
ris.P set.Pj2 j2

ris.Q 0 --- set.Q =.-
j e100833.7751 sec j 100833.7751 sec

h h
ris.W set.W

j j.

Confirmation that the h vectors are correct is shown by their being
identical, since in an orbit, the cross product of the r and V vectors
(h) is constant

Normalizing the h vector:

H :=0 H :=0 H
ris.P ris.Q ris.w

r r r

H :0 H :=0 H =1
set.P set.C set.W

r r r

H rH
ris.P set.P

H H
ris.Q =0 set.Q =0

j 1 j 1

ris.W set.W
j J



Convert H vectors to ECI coordinates

H li R12 R13 H
ris.I ris ris ris ris.P

r r r r r
H R21 R22 R23 H
ris.J ris ris ris ris.Q

r r r r r
H R31 R32 R33 H
ris.K ris ris ris ris.W

r r r r r

H li R12 R13 H
set.I set set set set.P

r r r r r
H R21 R22 R23 H
set.J set set set set.Q

r r r r r
H R31 R)) R33 H
set.K set ýet set set.W

r r r r r

H H
ris. I set.1

H i 0.53784 H 3 0.537•
ris.J = -0.7285 set.J = -0.7285

j 0.42441 j 0.4244
H H
ris.K set.K

j jL

Normalize radius vectors (ECI coordinates) to become row 1 of the
rotation matrices to convert ECI coordinates to the "b" frame

r r
ris.I set.I

r r
Rbl Rbll

ris r set r
r ris.ECI r I set.ECI

r r



r r
ris. J set. J

r r
Rbl2 :Rb12

ris r set r
r ris.ECI r set.ECI

r r

r r

ris. K set.K
r r

Rbl3 Rbl3
ris r set r

r ris.ECI r set.ECI

2 2 2 Confirmation that
Rbll + Rbl2 + Rbl3 = 1 the vectors are

ris ris ris normalized
1 1 1

2 2 2
Rb1l + Rbl2 + Rb13 = 1

set set set
1 1 1

The normalized h vectors in ECI coordinates become row 3 of the ECI
to b rotation matrices

Rb31 := R Rb3l R
ris ris.I set set.I

Rb32 H Rb32 H
ris ris.J set set.J

Rb33 :H Rb33 :=H
ris ris.K set set.K

2 2 2 Confirmation that
Rb31 + Rb32 + Rb33 =1 the vectors are

ris ris ris normalized
1 1 1



2 2 2
Rb3l + Rb32 + Rb33 =1

set set set

The bl and b3 vectors are the first and third rows of the ECI to b
rotation matrices. The second row is formed by the vector created by
the cross product of the b3 and bl vectors

[•b117 •1

bi := aeb b Il3 a:= Rb3 b2 := b3 X bl

Rb2l := Rb32 ERbl3 - Rb33 •Rbl2
ris ris ris ris ris

r r r r r

Rb22 Rb33 "Rb11 - Rb31 "Rb13
ris ris ris ris ris

r r r r r

Rb23 Rb3l "Rbl2 - Rb32 "Rbll
ris ris ris ris ris

r r r r r

2 2 2 Confirmation that
Rb2l + Rb2 2  + Rb23 = 1 the vectors arersris ris normalized

1 1 1

Rb2l Rb32 -Rbl3 - Rb33 -Rb12
set set set set set

r r r r r

Rb22 := Rb33 "Rbll - Rb3l 'Rb13
set set set set set

r r r r r

Rb23 Rb3l 'Rbl2 - Rb32 .Rbll
set set set set set

r r r r r



2 2 2 Confirmation that
Rb2l + Rb22 + Rb23 = 1 the vectors are

set set set normalized
11 1

Rotation matrix to convert "b11 Rbl2 Rbl3j
from ECI to the satellite Rb21 Rb22 Rb23|frame which will be called Rb3l Rb32 Rb33J

the "b" frame.

1bl Rb12 Rbl3
ris ris risJ j

Rb2l Rb22 Rb23 0.8237 0.5614 -0.080
ris ris ris = -0.1799 0.3926 0.901

j j j 0.5378 -0.7285 0.424
Rb3l Rb32 Rb33

ris ris ris

"lbl Rbl2 Rb13
set set set

Rb2l Rb22 Rb23 1-0.5486 0.0798 0.8321
set set set = -0.6402 -0.6803 -0.356•

j j j 0.5377 -0.7285 0.4244]
Rb3l Rb32 Rb33

set set set
j J j

7. Calculate vector from observing site to satellite (in ECI coordinates)

"p r is p
ris.I ris.I I ris.I

r r r
p r Rris p 16964.0331
ris.j ris.J - ris.J = 15891.574U .

r r r j -6681.7114
p r Rris p
ris.K ris.K K ris.K

. r r r L j.



"p r Rset P
set.1 set.I set.I

r r r j
P r Rset p -17569.617•
set.J set.J - J set.J = -473.0579 .km

r r r j 16600.9111
P r Rset p
set.K set.K K set.K

• r r r j.

8. Just to confirm that the calculations to ECI have been accurate, the ECI
coordinates are converted to the radar reference frame (SEZ) and azimuth
and elevation are calculated and compared to the PASSCHED program results.

Pris.S r .sin(o) cos I Oris r] sin(O) -sin[Oris r] _O() Pris.Ir
P ri. - in Oi r ILo IOi r] 0cs~ r
p co reris]

r cos; 1 I " io s ]sin[ris]
ris. Z ris.K

ri r

p P
set.S sin(o) cosresetl sin(O) -sin eseti - set .1

r ILrjo [r] -cos(O) r
p -sinseti -oo1 se
set.E Lrj r] 0 set.J

r cos(O) cos[rset] cos(O)-sin 8set] rp r r sin(•) p

Lset.Z set. K

P P
ris. S set. S

p12039.4331 k p -22037.7051

ris.E 20869.662• .Ia set.E 9714.906 km
j 2115.4431 j 2113.205

p p
ris.Z set. Z

j. j



p

ris. Z
r

El =asin

ris
r 22 2

~p+ p +
rsS ris.E ris.Z

Az modanglep -p + 1 -
ri[ ris.S ris.E r

p

set.Z
r

El =asin

set
r 222

stS set.E set.Z
r r ri

Az ret -r mod[an gle [ P i.S r' P e. z r] + it,2 t]

El ri 5.0178-deg Az ri 119.9801-deg

From PASSCHED, at rise time: El =5 deg; Az =120 deg

El =5.0145-deg Az =23.7894-deg

set set

From PASSCHED, at set time: El =5 deg; Az =24 deg

Figures in agreement



9. Convert radar site-to-satellite vector from the ECI coordinate frame to the
satellite coordinate frame.

p Rb1l Rbl2 Rbl3 p
ris.bl ris ris ris ris.I

r r r r r
p 1Rb2l Rb22 Rb23 p
ris.b2 ris ris ris ris.J

r r r r r
Ip Rb3l Rb32 Rb33 p

ris.b3 ris ris ris ris.KLr r r r r

p Rbll Rb12 Rbl3 p
set.bl set set set set.I

r r r r r
Rb2l Rb22 Rb23

set.b2 set set set set.J
r r r r r

p Rb31 Rb32 Rb33 p
set.b3 set set set set.K

r r r r r

p p
44a.bl set.bl

p 3 23429.4441 p 123417.284 kris.b2 = -2838.308r 1km set.b2 = 5647.872
j -5288.7607 j -2058.596•

p p
ris.b3 set.b3

j j

10. Confirm that ECI to "b" rotation is correct; that is, bl axis is in line
with the radius vector from the ECI origin to the "b" frame origin.

r Rbll Rb"2 Rbl3 r
ris.bl ris ris ris ris.I

r r r r r
r Rb2l Rb22 Rb23 r
ris.b2 ris ris ris ris.J

r r r r r
r Rb31 Rb32 Rb33 r
ris.b3 ris ris ris ris.K

r r r r r



ris .bl

r 25552.9451055.47a
ris.b2 01k ris.ECI 52.47k

r
ris .b3
L j Works for this rotation

r Rbll Rbl2 Rbl3 r
set.bl set set set set.I

r r r r r
r Rb2l Rb22 PRb23 r
set.b2 set set set -set.J

r r r r r
r Rb3l Rb32 Rb33 r
set.b3 set set set set.K
Lrj r r rJ ri

r
set .1,

r stb125483 kmr =e.C 25514.8931-km

set .b3
Lji Confirmed again



11. Calculate effective angle of rotation that radar beam sees the satellite
rotate through.

Effective angle of rotation is the difference between the rise and
set vectors from the radar site to the satellite (in the satellite
coordinate frame)

p. p
"ris.bl set.bl

r r

p. p
ris.b2 set.b2

r r
p p
ris.b3 set.b3

r r

0 :=acos
r p p

ris.bl set.bl
r r

p p
ris.b2 set.b2

r r
p p
ris.b3 set.b3

8 = 21.6432"deg Notice that the effective
j angular rotation is not the

same as the difference between
the rise and set azimuths, and

Az - Az = 96.-907deg in some cases, the difference
set ris can be quite large

J J

12. Calculate the minimum angular rotation required for the radar to obtain a
radar image.

10
f := 10 'Hz frequency of radar is 10 GHz

8 m
c 2.997925"10 - velocity of light (and radio waves)

sec

c
:- - 0.02998-m average wavelength of the radar
f



: 0.12"m desired cross range resolution

Omin asin •- minimum angular rotation to obtain
L2.6/ cross range resolution

ain = 7.1758"dog

13. Calculate the number of opportunities that the radar was capable of
imaging the satellite in the 31 day period presented and compare with
the total number of satellite passes.

n : , if[r0 >- in, 1,01 Count the number of
obs r observations that meet the

r minimum effective angular
rotation requirement

n = 56 nrows = 64 The number of radar
obs resolutions out of the total

number of satellite passes



UNIT DEFINITIONS MKS (SI) UNIT SYSTEM

I. Base Units

ma a1L kg a1M sec- 1T

II. Angular Measure

rad- at
deg =- -- rad rev - 360'deg

180

III. Derived Units: Length

cm O.O1m km a O100m - O.001"m

ft 0.3048'm in = 2.54"cm mi a 5280"ft

IV. Derived Units: Mass

-3
gm - 0 "kg lb a 453.59247gm use convention that

lb represents pounds
mass

V. Derived Units: Time

mrin - 60-sec hr a 3600-sec day 24-hr

yr a 365.2422"day (tropical year)

VI. Derived Units: Velocity

mi km
mph = - kph := -

hr hr

VII. Derived Units: Other

-1
Hz a sec

-10
ORIGIN = 1 TOL- 10



Appendix C. MIP-83 Formulation And Solution (p 1)

MIP83 maxproj output maxproj .dat

Copyright (C) 1986 by Sunset Software.
All Rights Reserved Worldwide.
1613 Chelsea Road, Suite 153
San Marino, California 91108 U.S.A.

Licensed Solely To: Wright-Patterson Air Force Base

* . TITLE
Maximal Coverage MIP83 (d=S, p=1)

_ .OBJECTIVE MAXIMIZE

*state 1
20 [[x1011] + 22 [[x111i] + 24 [[x121]] + 21 [[x131]]

+ 23 [[x10231 + 19 [[x11211 + 28 ["x122l] + 22 [[x132]1
+ 27 [[r103)J + 23 [[x113JJ + 21 [[x123]] 25 [[x133]]

*state 2
+ 21 [[x144]] + 27 [[x154]] + 25 [[x164]) + 21 [[x174))

+ 21 [[x1453] + 23 [[Hx15]) + 23 '[x1651] + 23 [[x1751]
+ 19 [Ex146)J + 28 [[x156]) + 26 [[x166J) + 26 [[x176]]

*state 3
+ 28 [[x187)] + 24 [[x19713 + 23 [[x20711 + 22 [[x217]]
+ 24 [[x1881] + 23 [[x1981] + 23 [[x2081] + 19 [[x21811
+ 26 ["x189JJ + 22 [[x199J] + 22 ["x2091]) + 19 [lx219]1

*state 1 facilities
+ 0 [[ylJ) + 0 [Hy2)] + 0 [[y3l]

*state 2 facilities
+ 0 H[y4)] + 0 [[y53] + 0 [[y6l]

*state 3 facilities
+ 0 H[y7]] + 0 [[y83] + 0 [[y9])

.. CONSTRAINTS

*state 1: a sat cannot be observed unless a facility is avail

yl - Xi01 >= 0

yl - x111 >= 0
yl - x121 >= 0

yl - x131 >= 0

y2 - x102 >= 0

C-i



y2 - x112 >= 0
y2 - x122 >= 0
y2 - x132 >= 0

y3 - x103 >= 0
y3 - x113 >= 0
y3 - x123 >= 0
y3 - x133 >= 0

*state 2: a sat cannot be observed unless a facility is avail

y4 - x144 >= 0
y4 - x154 >= 0
y4 - x164 >= 0

y4 - x174 >= 0

yS - x145 >= 0
yS - x155 >= 0
yS - x165 >= 0
yS - x175 >= 0

y6 - x146 >n 0
y6 - x156 >= 0
y6 - x166 >= 0
y6 - x176 >= 0

*state 3: a sat cannot be observed unless a facility is avail

y7 - x187 >= 0
y? - x197 >= 0
y7 - x207 >= 0
y7 - x217 >= 0

y8 - x188 >= 0
Y8 - x198 >= 0
y8 - x208 >= 0
y8 - x218 >= 0

y9 - x189 >: 0
y9 - x199 >= 0
y9 - x209 >= 0
y9 - x219 >= 0

*state 1: min # of times satellite to be imaged (d=S)
20 x101 + 23 x102 + 27 x103 >= S
22 xlII + 19 x112 + 23 x113 >= 6
24 x121 + 28 x122 + 21 x123 >= 5
21 x131 + 22 x132 + 25 x133 >= S

C-2



*state 2: min # of times satellite to be imaged (d=S)

21 x144 + 21 x145 + 19 x146 >= 5
27 x154 + 23 x1S5 + 28 x156 >= 5
25 x164 + 23 z165 + 26 x166 >= 5
21 x174 + 23 x175 + 26 x176 >= 5

*state 3: min # of times satellite to be imaged (d=S)
28 x187 + 24 x188 + 26 x189 >= 5
24 x197 + 23 x198 + 22 x199 >= S
23 x207 + 23 x208 + 22 x209 >= 5
22 x217 + 19 x218 + 19 x219 >= S

*If facility is in place in one state, must be in other state

yl - y4 = 0
yl - y7 = 0

y2 - yS = 0
y2 - y8 = 0

y3 - y6 = 0
y3 - y9 = 0

*Restriction on the number of facilities (p=l)

yl + y2 + y3 = 1

Statistics-
KIP83 Version 6.00a
Machine memory: 550K bytes.
Pagable memory: 95K bytes.
Objective Function is MAXIMIZED.
NIP Strategy: 1

Variables: 45
Integer: 45

Constraints: 55
0 LE, 7 EQ, 48 GE.

Ion-zero LP elements: 123
Disk Space: OK bytes.
Page Space: 25K bytes.
Capacity: 12.7% used.
Estimated Time: 00:00:17

Iter 92
Solution Time: 00:00:02
*May have* A L T E R N A T E S O L U T IO N

INTEGER SOLUTION

C-3



File: Maxproj 9/12/92 20:42:31 Page 1-1
SOLUTION (Maximized): 284.0000 Maximal Coverage MIP83 (d=5, p=I)

I Variable I Activity I Cost I Variable I Activity I Cost I

I X101 0.0000 20.0000 I X111 0.0000 22.0000 1

I x121 0.0000 24.0000 I x131 0.0000 21.0000 I-----------------

I x121 0.0000 23.0000 1 x131 0.0000 219.0000 1

I x122 0.0000 28.0000 1 x132 0.0000 22.0000 1

------ 03-- 1.0000---- 27.0000----I------3- 1.0000---- 23.0000----I

I x122 0.0000 21.0000 1 x132 0.0000 23.0000 1

I x165 0.0000 23.0000 I x175 0.0000 23.0000 I-----------------

I x143 1.0000 29.0000 1 x113 1.0000 28.0000 1

I x123 1.0000 26.0000 I x133 1.0000 26.0000 1

I x187 0.0000 28.0000 I x197 0.0000 24.0000 I-----------------

I x144 0.0000 23.0000 I x154 0.0000 22.0000 1

I x164 0.0000 24.0000 1 x174 0.0000 23.0000 1

I x145 0.0000 23.0000 1 x155 0.0000 19.0000 1

I x165 1.0000 26.0000 1 x175 0.0000 22.0000 1

I x146 1.0000 22.0000 I x156 1.0000 19.0000 1

I yl 0.0000 0.0000 I y2 0.0000 0.0000 I--------------------

I y166 1.0000 06.0000 I xy7 0.0000 06.0000 1

I x18 0.0000 08.0000 I xy9 0.0000 04.0000 1

1 x27 0.0000 03.0000 I x21 0.0000 02.0000 1

I y19  1.0000 06.0000 1I 19100 200

---------- --- --- ---- --- --- --- -- C-4- - - - - - - - -- - - - - - - - -



File: Maxproj 9/12/92 20:42:31 Page 1-4

CONSTRAINTS: Maximal Coverage MIP83 (d=5, p=1)

IConstrainti Activity I RHS IConstrainti Activity I RHS I

---Row --1-- 0.0000--->--0.0000---I-Row --2 -- 0.0000--->--0.0000-

I Row 3 0.0000 > 0.0000 1 Row 4 0.0000 > 0.0000 1

1 Row 5 0.0000 > 0.0000 I Row 6 0.0000 > 0.0000 I-------------

I Row 7 0.0000 > 0.0000 1 Rog 8 0.0000 > 0.0000 1

---Row --9-- 0.0000-->-- 0.0000-----Row--10-- 0.0000--->- 0.0000----

I Row 11 0.0000 > 0.0000 1 Row 12 0.0000 > 0.0000 1

---Row --13-- 0.0000-->-- 0.0000-----Row --14- 0.0000--->-- 0.0000--I

I Row 15 0.0000 > 0.0000 1 Row 16 0.0000 > 0.0000 1

---Row --17-- 0.0000-->-- 0.0000--I--Row --18- 0.0000--->-- 0.0000--I

I Row 19 0.0000 > 0.0000 1 Row 20 0.0000 > 0.0000 1

---Row --21 -- 0.0000>--- 0.0000---I-Row--22-- 0.0000>--- 0.0000----

IRow 23 0.0000 > 0.0000 1 Row 124 0.0000 > 0.0000 1

---Row --25 -- 0.0000>--- 0.0000-----Row--26-- 0.0000>--- 0.0000----

I Row 27 0.0000 > 0.0000 1 Row 28 0.0000 > 0.0000 1

I Row 29 0.0000> 0.0000 I Row 30 0.0000> 0.0000 I-------------

I Row 315 0.0000 > 0.0000 1 Row 32 0.0000 > 0.0000 1

---Row --33 -- 0.0000>--- 0.0000---I-Row--34-- 0.0000>--- 0.0000----

I Row 35 0.0000 > 0.0000 1 Row 36 0.0000 > 0.0000 1

I Row 37 27.0000 > 5.0000 I Row 38 23.0000 > 5.0000 I-----------

I Row 39 21.0000 > 5.0000 I Row 40 25.0000 > 5.0000 1

I Row 41 19.0000 > 5.0000 1 Row 42 28.0000 > 5.0000 1

I Row 43 26.0000 > 5.0000 I Row 44 26.0000 > 0.0000 1

I Row 45 26.0000 > 0.0000 I Row 46 22.0000 > 5.0000 1

I Row 47 22.0000 > 5.0000 I Row 48 19.0000 > 5.0000 I-----------

I Row 49 0.0000 > 0.0000 1 Row 20 0.0000 > 0.0000 1

I Row 51 0.0000 > 0.0000 1 Row 52 0.0000 > 0.0000 1

------------ ------ ------ ------ ----- C-- - - - - - - --5- - - - - - -



I Row 53 0.0000 = 0.0000 I Row 54 0.0000 = 0.0000 I

I Row 55 1.0000 = 1.0000 I
- Total Error: 0.000000
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Appendix D. MICROSOLVE Network Solution (p = 1)

PRIMAL SIMPLEX ALGORITHM

OPTIMUM SOLUTION OBTAINED.

ARC PARAMETERS AND FLOWS
SOLUTION COST = -300.9948

ARCS THAT START AT 1
GO TO ARC 10. LOWER UPPER COST GAIN FLOW

10 1 0 1 -20 1 0
11 2 0 1 -22 1 0
12 3 0 1 -24 1 0
4 4 0 1 0 5 .4
13 5 0 1 -21 1 0

ARCS THAT START AT 2
GO TO ARC 10. LOWER UPPER COST GAIN FLOW

10 6 0 1 -23 1 0
11 7 0 1 -19 1 0
12 8 0 1 -28 1 1
13 9 0 1 -22 1 0
5 10 0 1 0 5 0

ARCS THAT START AT 3
GO TO ARC 10. LOWER UPPER COST GAIN FLOW

10 11 0 1 -27 1 1
11 12 0 1 -23 1 1

12 13 0 1 -21 1 0
13 14 0 1 -25 1 1
6 15 0 1 0 5 .6

ARCS THAT START AT 4
GO TO ARC NO. LOWER UPPER COST GAIN FLOW

14 16 0 1 -21 1 1
15 17 0 1 -27 1 0
16 18 0 1 -25 1 0
17 19 0 1 -21 1 0
7 20 0 1 0 4 1
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ARCS THAT START AT 5
GO TO ARC NO. LOWER UPPER COST GAIN FLOW

14 21 0 1 -21 1 0
15 22 0 1 -23 1 0
16 23 0 1 -23 1 0
17 24 0 1 -23 1 0

8 25 0 1 0 4 0

ARCS THAT START AT 6
GO TO ARC NO. LOWER UPPER COST GAIN FLOW

14 26 0 1 -19 1 0
15 27 0 1 -28 1 1
16 28 0 1 -26 1 1
17 29 0 1 -26 1 1
9 30 0 1 0 4 0

ARCS THAT START AT 7
GO TO ARC NO. LOWER UPPER COST GAIN FLOW

18 31 0 1 -28 1 1
19 32 0 1 -24 1 1
20 33 0 1 -23 1 1
21 34 0 1 -22 1 1

ARCS THAT START AT 8
GO TO ARC NO. LOWER UPPER COST GAIN FLOW

18 35 0 1 -24 1 0
19 36 0 1 -23 1 0
20 37 0 1 -23 1 0

21 38 0 1 -19 1 0

ARCS THAT START AT 9
GO TO ARC 10. LOWER UPPER COST GAIN FLOW

18 39 0 1 -26 1 0
19 40 0 1 -22 1 0
20 41 0 1 -22 1 0
21 42 0 1 -19 1 0

ARCS THAT START AT 10
GO TO ARC NO. LOWER UPPER COST GAIN FLOW
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t 43 0 1 0 1 1

ARCS THAT START AT 11
GO TO ARC NO. LOWER UPPER COST GAIN FLOW

t 44 0 1 0 1 1

ARCS THAT START AT 12
GO TO ARC NO. LOWER UPPER COST GAIN FLOW

t 45 0 1 0 1 1

ARCS THAT START AT 13
GO TO ARC NO. LOWER UPPER COST GAIN FLOW

t 46 0 1 0 1 1

ARCS THAT START AT 14
GO TO ARC NO. LOWER UPPER COST GAIN FLOW

t 47 0 1 0 1 1

ARCS THAT START AT 15
GO TO ARC NO. LOWER UPPER COST GAIN FLOW

t 48 0 1 0 1 1

ARCS THAT START AT 16
GO TO ARC NO. LOWER UPPER COST GAIN FLOW

t 49 0 1 0 1 1

ARCS THAT START AT 17
GO TO ARC NO. LOWER UPPER COST GAIN FLOW

t so 0 1 0 1 1

ARCS THAT START AT 18
GO TO ARC NO. LOWER UPPER COST GAIN FLOW

t 51 0 1 0 1 1
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ARCS THAT START AT 19
GO TO ARC NO. LOWER UPPER COST GAIN FLOW

t 52 0 1 0 1 1

ARCS THAT START AT 20
GO TO ARC NO. LOWER UPPER COST GAIN FLOW

t 53 0 1 0 1 1

ARCS THAT START AT 21
GO TO ARC NO. LOWER UPPER COST GAIN FLOW

t 54 0 1 0 1 1

ARCS THAT START AT s
GO TO ARC NO. LOWER UPPER COST GAIN FLOW

1 55 0 1 0 5 .08
2 56 0 1 0 5 .2
3 57 0 1 0 5 .72
SLACK 58 0 1 99999 1 5.21E-08

NO ARCS START AT NODE t

ARCS THAT START AT SLACK
GO TO ARC NO. LOWER UPPER COST GAIN FLOW

1 59 0 0 99999 1 0
2 60 0 0 99999 1 0
3 61 0 0 99999 1 0
4 62 0 0 99999 1 0
5 63 0 0 99999 1 0
6 64 0 0 99999 1 0
7 65 0 0 99999 1 0
8 66 0 0 99999 1 0
9 67 0 0 99999 1 0
10 68 0 0 99999 1 0
11 69 0 0 99999 1 0
12 70 0 0 99999 1 0
13 71 0 0 99999 1 0
14 72 0 0 99999 1 0
15 73 0 0 99999 1 0

16 74 0 0 99999 1 0
17 75 0 0 99999 1 0

18 76 0 0 99999 1 0
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19 77 0 0 99999 1 0

20 78 0 0 99999 1 0

21 79 0 0 99999 1 0

t 80 0 12 99999 1 0

NODE PARAMETERS

NODE NAME POTENTIAL EXT.FLOW

1 1 -19999.8 0

2 2 -19999.8 0

3 3 -19999.8 0

4 4 -3999.96 0

5 5 -3999.96 0

6 6 -3999.96 0

7 7 -999.9901 0

8 8 -999.9901 0

9 9 -999.9901 0

10 10 -20022.8 0

11 11 -20021.8 0

12 12 -20023.8 0

13 13 -20021.8 0
14 14 -4020.96 0

15 15 -4026.96 0

16 16 -4024.96 0

17 17 -4022.96 0
18 18 -1025.99 0

19 19 -1022.99 0

20 20 -1022.99 0

21 21 -1018.99 0

22 s -99999 1

23 t 99999 -12

24 SLACK 0 0

BASIS TREE

NODE BACK BACK FORWARD RIGHT

WAKE ARC NODE NODE NODE
---- ------ --------------------------

1 55 s 11

2 56 s 13 3

3 57 s 6 1

4 4 1 is
6 10 2 17

6 15 3 9

7 20 4
8 25 5 20
9 30 6 18

10 6 2 5

11 2 1 12
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12 3 1 4
13 9 2 10
14 21 5 8
15 17 4 16
16 18 4 7
17 24 5 14
18 39 9
19 36 8

20 37 8 21
21 38 8 19
s -58 SLACK 2
t 80 SLACK
SLACK 0 t
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Appendix E. Network With Side Constraints-Formulation 1

E.1 Formulation

options linesize=120;
options pagesize=66;
title 'Facility Location - run 1';
title3 'lodes for Facility Location';

data noded;
input _node_ $ _sd_;
cards;

sO
tO

title3 'Arcs for Facility Location';
data arcdl;

input -from- $ -to- $ -cost- _capac_ -name-
cards;

s nl 0 1 xsl
s n2 0 1 xs2
s n3 0 1 xs3
n1 MlO 20 1 x110
ul nil 22 1 xii1
nl n12 24 1 x112
ni n13 21 1 x113
ni n4 0 1 x14
n2 nlO 23 1 x210
n2 nil 19 1 x211
n2 n12 28 1 x212
n2 nM3 22 1 x213
n2 n5 0 1 x25
n3 nlO 27 1 x310
n3 nil 23 1 x31i
n3 n12 21 1 x312
n3 n13 25 1 x313
n3 n6 0 1 x36
n4 nM4 21 1 x414
n4 n15 27 1 x415
n4 n16 25 1 x416
n4 ni7 21 1 x417
n4 n7 0 1 x47
nS n14 21 1 x514
n5 nlS 23 1 iSIS
nS nM6 23 1 x516
nS n17 23 1 x517
n5 n8 0 1 x58
n6 n14 19 1 x614
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n6 nIS 28 1 x615
n6 n16 26 1 x616
n6 n17 26 1 x617
n6 n9 0 1 x69
n7 n18 28 1 x718
n7 n19 24 1 x719
n7 n20 23 1 x720
n7 n21 22 1 x721
n8 n18 24 1 x818
n8 n19 23 1 x819
n8 n20 23 1 x820
n8 n21 19 1 x821
n9 n18 26 1 x918
n9 n19 22 1 x919
n9 n20 22 1 x920
n9 n21 19 1 x921
nO t 0 1 xlOt
nUll t 0 1 xllt
n2 t 0 1 xl2t
n13 t 0 1 xl3t
n14 t 0 1 xl4t
niS t 0 1 xISt
n6 t 0 1 xl6t
n17 t 0 1 x17t
n8 t 0 1 x18t
n19 t 0 1 Xl9t
n20 t 0 1 x20t
n2l t 0 1 x2lt
t s 0 xts

title3 'Side constraints';
data condl;

input xal xs2 xs3 x110 xl11 x112 x113 x14 x210 x211 x212 x213 x2S
x310 x311 x312 x313 x36 x414 x415 x416 x417 x47 x514 x515 x516 x517 x58
x614 x615 x616 x617 x69 x718 x719 x720 x721 x818 x819 x820 x821

x918 x919 x920 x921 -type- $ -rhs_;
cards;

-5. 11111. ................... . .. ..... ..................................... =0
*-5............ 11111....................................................... =0

S -I . .......... 11111. .................. .... . .......................... =0

... .- . . ......... 11111 ................. .... .................. =0
. - ............ . ......... 11111 ..... ............ .. ... ..... =0

......... . .............. -5 ..... . ......... 11111 .......................... =0
. .......... .............. ..- 4 ....... .......... 1111 ................. =0

.. . . ..... ........ ... ................ .. -4 ..... .. ......... 1111 .... =0
. . . ...... ................ ........................ -4 ....... ........ 1111 = 0

proc netflow
nodedataznoded
arcdata=arcdl
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condata~ cond I
conout~solut ion

max
sourcenode~s

sinknode~t
namectrl~l;

proc print data~solution;
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E. 2 Solution

S D _ _ _ S
_ C - U E F R A T T

0 F C A I P m F C C I I A
B R 0 P A P A L 0 0 U U T
S 0 T S A L m L N 0 S S N m U

m 0 T C 0 E Y D v T I B B S

1 5 nI 0 1 0 1sl S 0 0 2 1 1EYA-C BASIC
2 nI alO 20 1 0 1110 0 0 -9.0 5 2 LOWERBD NOIBASIC
3 n2 MIO 23 1 0 X210 0 0 -4.0 6 3 LOWERBD IOIBASIC
4 n3 nlO 27 1 0 1310 0 0 7 4 EEYARC BASIC
5 nI nll 22 1 0 1111 0 0 -3.0 8 2 LOWERBD NOIBASIC
6 n2 nil 19 1 0 X211 0 0 -4.0 9 3 LOWERBD NONBASIC
7 n3 nill 23 1 0 1311 0 0 10 4 KEY-ARC BASIC
8 ni n12 24 1 0 1112 0 0 -49999975.5 11 2 LOWERED MUDOISIC
9 n2 n12 28 1 0 1212 0 0 -49999969.5 12 3 LOWERBD NONBASIC

10 n3 n12 21 1 0 1312 0 0 -49999976.5 13 4 LOWERBD NOIBASIC
11 nI a13 21 1 0 1113 0 0 -6.0 14 2 LOWERBD NOIBASIC
12 n2 n13 22 1 0 1213 0 0 -3.0 15 3 LOWERBD NONBASIC

13 n3 n13 25 1 0 1313 0 0 16 4 KEYARC BASIC
14 n4 n14 21 1 0 1414 0 0 -2.0 20 9 LOWERBD NONBASIC
15 n5 n14 21 1 0 1514 0 0 21 10 KEY-ARC BASIC
16 n6 r14 19 1 0 X614 0 0 -2.0 22 11 LOWERBD NONBISIC
17 n4 nIS 27 1 0 1415 0 0 -99999972.0 23 9 LOWERBD NONBASIC
18 nS M15 23 1 0 I515 0 0 -99999974.0 24 10 LOWERBD NOIBISIC
19 n6 nlS 28 1 0 X615 0 0 -99999969.0 25 11 LOWERBD NONBASIC
20 n4 n16 25 1 0 1416 0 0 -3.0 26 9 LOWERBD NONBASIC
21 nS 116 23 1 0 1516 0 0 -3.0 27 10 LOWERED IOIBASIC
22 n6 n16 26 1 0 1616 0 0 28 11 KEYARC BASIC
23 n4 n17 21 1 0 X417 0 0 -7.0 29 9 LOWERBD IONBASIC
24 ns a17 23 1 0 1517 0 0 -3.0 30 10 LOWERED NONBISIC
25 n6 a17 26 1 0 1617 0 0 31 11 KEYARC BASIC
26 n7 n18 28 1 0 1718 0 0 35 16 IEYARC BASIC
27 n8 n18 24 1 0 1818 0 0 -2.0 36 17 LOWERBD IONBASIC
28 n9 M18 26 1 0 1918 0 0 37 18 KEYARC BASIC
29 n7 n19 24 1 0 1719 0 0 -1.0 38 16 LOWERBD NONBISIC
30 n8 a19 23 1 0 1819 0 0 39 17 KEY_.RC BASIC
31 n9 n19 22 1 0 1919 0 0 -1.0 40 18 LOWERBD NONBASIC
32 s n2 0 1 0 1S2 5 0 0 -2.0 3 1 LOVERBD NORBASIC
33 n7 n20 23 1 0 1720 0 0 -2.0 41 16 LOWERBD NOIBISIC
34 n8 n20 23 1 0 1820 0 0 42 17 KEY-ARC BASIC
35 n9 n20 22 1 0 1920 0 0 -1.0 43 18 LOWERBD NONBASIC
36 n7 n21 22 1 0 1721 0 0 44 16 KEY-ARC BASIC
37 n8 n21 19 1 0 1821 0 0 -1.0 45 17 LOWERBD NOIBISIC
38 n9 n21 19 1 0 1921 0 0 -1.0 46 18 LOWERBD NOIBISIC
39 s n3 0 1 0 1S3 S 0 0 -2.0 4 1 LOWERBD IONBASIC
40 ni n4 0 1 0 X14 0 0 17 2 KEYIRC BASIC
41 n2 n5 0 1 0 X25 0 0 18 3 KEY-ARC BASIC
42 n3 n6 0 1 0 136 0 0 19 4 KEY.ARC BASIC
43 n4 n7 0 1 0 X47 0 0 32 9 KEY-ARC BASIC
44 nS n8 0 1 0 158 0 0 33 10 KEY.ARC BASIC
45 n6 n9 0 1 0 169 0 0 34 11 KEY.ARC BASIC
46 t a 0 99999999 0 ITS 0 0 1 23 KEY.ARC BASIC
47 nlO t 0 1 0 IOT D 0 0 -49999970.5 47 5 LOWERBD IONBASIC
48 nll t 0 1 0 111T D 0 0 -49999974.5 48 6 LOWERBD WOIBASIC
49 n12 t 0 1 0 X12T D 0 0 49 7 KEY-ARC BASIC
50 n13 t 0 1 0 113T D 0 0 -49999972.5 50 8 LOWERBD NONBASIC
51 n14 t 0 1 0 X14T D 0 0 -99999976.0 51 12 LOWERBD NONBASIC
52 n15 t 0 1 0 115T D 0 0 52 13 KEY-ARC BASIC
53 n16 t 0 1 0 116T D 0 0 -99999971.0 53 14 LOWERBD NONBASIC
64 n17 t 0 1 0 117T D 0 0 -99999971.0 54 15 LOWERBD NOIBASIC
55 n18 t 0 1 0 118T D 0 0 -174999970.3 55 19 LOWERBD IOIBASIC
56 n19 t 0 1 0 119T D 0 0 -174999973.3 66 20 LOWERBD NOIBASIC
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57 n20 t 0 1 0 120T D 0 0 -174999973.3 57 21 LOiERBD IOIBASIC
58 n21 t 0 1 0 121T D 0 0 -174999976.3 58 22 LOVEUD NOUBASIC

0
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Appendix F. Network With Side Constraints-Formulation 2

F.1 Formulation

options linesize=120;
options pagesize=66;
title 'Facility Location - run 2';
title3 'Nodes for Facility Location';

data noded;
input -node- $ _sd_;
cards;

sO
tO

title3 'Arcs for Facility Location';

data arcdl;
input -from- $ -to- $ -cost- _capac_ -name- $;
cards;

s ni 0 5 xsl
s n2 0 5 xs2
s n3 0 5 xs3
ni nlO 20 1 xllO
ni nil 22 1 xlii

ni n12 24 1 x112
nI n13 21 1 x113
n1 n4 0 5 x14
n2 niO 23 1 x210
n2 nil 19 1 x211
n2 n12 28 1 x212
n2 n13 22 1 x213
n2 n6 0 5 x25
n3 nlO 27 1 x310
n3 nil 23 1 x311
n3 n12 21 1 x312
n3 n13 25 1 x313
n3 n6 0 5 x36
n4 n14 21 1 x414

n4 niS 27 1 x41i
n4 n16 25 1 x416
n4 n17 21 1 x417
n4 n7 0 4 x47
n5 nM4 21 1 x514
n5 nIS 23 1 x51i
n5 nM6 23 1 x516
n5 n17 23 1 x517
nS n8 0 4 x58
n6 n14 19 1 x614
n6 n15 28 1 x615
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n6 n16 26 1 x616
n6 n17 26 1 x617
n6 n9 0 4 x69
n7 n18 28 1 x718
n7 n19 24 1 x719
n7 n20 23 1 x720
n7 n21 22 1 x721
n8 n18 24 1 x818
n8 n19 23 1 x819
n8 n20 23 1 x820
n8 n21 19 1 x821
n9 n18 26 1 x918
n9 n19 22 1 x919
n9 n20 22 1 x920
n9 n21 19 1 x921
n10 t 0 1 xlOt
n11 t 0 1 xlit
n12 t 0 1 xi2t
n13 t 0 1 xl3t
n14 t 0 1 x14t
n15 t 0 1 x1st
n16 t 0 1 xl6t
n17 t 0 1 xi7t
n18 t 0 1 x18t
n19 t 0 1 x19t
n20 t 0 1 x20t
n2l t 0 1 x21t
t s 0 xts

title3 'Side constraints';
data condl;

input xsl xs2 xs3 xllO xlll x112 x113 x14 x210 x211 x212 x213 x25
x310 x311 x312 x313 x36 x414 x415 x416 x417 x47 x514 x515 x516 x517 x58
x614 x615 x616 x617 x69 x718 x719 x720 x721 x818 x819 x820 x821
x918 x919 x920 x921 -type- $ .rhs_;
cards;

S-1.. . 1 ....................... .... .................................... =0

SI -1I ....... 11. . ........................ .. ........................... =0
-1 . -.. .............. 11 11. .................. ........................ = 0

... -1 1........ 1 1 .. .. ........ . . . . ............ .... = 0
. .. . . . .- .. . . . . . .. . . I1 1 1 1 1 . . . . . . . . . . . . . . . . . = 0

S. . . ... . . ........... -1. . .......... ......... 11111. I................ ......... =0
...... .............. -1 ... .. .......... 1111 ....... ......... =0
.. . . ..... ............ . .................. - .... ............ 1111 .... =0

.. . . ..... .............. ........................ .. -1 ................. 111 1 =0

proc netflow
nodedata=noded
arcdata=arcdl
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condata cond 1
conoutgsolutiofl
max
sourcenode~s
sinknode~t
nauectrl-1,

proc print data~solution;
sun ..fcost..;

F-3



F.2 Solution

OBS -FROM .- TO-. COST- _CAPAC_ -LB- -WAKE- -SUPPLY- _DEPUND_ _FLO._ _FCOST_ _RCOST_ -&NiM- _TjriuB -STATUS-

1 S al 0 5 0 ISi S 5 0 0 2 1 UPPERBD NONBASIC
2 nl nlO 20 1 0 1110 0 0 -6 5 2 LOVERBD NONBASIC
3 n2 RlO 23 1 0 1210 0 0 -3 6 3 LOWERBD ISOBASIC
4 n3 nlO 27 1 0 1310 1 27 7 4 KEY-ARC BASIC
S nl nil 22 1 0 xlll 1 22 0 8 2 UPPERBD IONBISIC
6 n2 nil 19 1 0 1211 0 0 -3 9 3 LOWERBD NOIBASIC
7 n nil 23 1 0 X311 0 0 10 4 KEY-ARC BASIC
8 al x12 24 1 0 1112 0 0 -4 11 2 LOWERBD IONBASIC
9 a2 n12 28 1 0 X212 1 28 12 3 KEYARC BASIC

10 n3 n12 21 1 0 X312 0 0 -8 13 4 LOWERBD NONBASIC
11 n1 x13 21 1 0 X113 0 0 -3 14 2 LOVERBD NONBASIC
12 n2 n13 22 1 0 X213 0 0 -2 15 3 LOWERBD NONBASIC
13 n3 n13 25 1 0 X313 1 26 16 4 IEY-ARC BASIC
14 n4 n14 21 1 0 X414 0 0 20 9 ZEYARC BASIC
15 n5 a14 21 1 0 X514 1 21 0 21 10 UPPERBD NONBASIC
16 n6 n14 19 1 0 X614 0 0 -3 22 11 LOWERBD NOUBASIC
17 n4 n15 27 1 0 X415 0 0 23 9 KEYAIRC BASIC
18 n5 n1s 23 1 0 1515 0 0 -4 24 10 LOWERBD NONBASIC
19 n6 nis 28 1 0 X615 1 28 25 11 KEY_ARC BASIC
20 n4 n16 25 1 0 X416 0 0 0 26 9 LOWERBD NOUBASIC
21 n5 n16 23 1 0 1516 0 0 -2 27 10 LOVEREBD NONBASIC
22 z6 A16 26 1 0 1616 1 26 28 11 KEYARC BASIC
23 n4 n17 21 1 0 X417 0 0 -4 29 9 LOWERBD NONBASIC
24 n5 n17 23 1 0 X517 0 0 -2 30 10 LOWERBD WOUBASIC
25 n6 n17 26 1 0 X617 1 26 31 11 KEYIARC BASIC
26 x7 n18 28 1 0 1718 1 28 35 16 KEY-ARC BASIC
27 n8 R18 24 1 0 1818 0 0 -4 36 17 LOVEXBD iOIBASIC
28 n9 n18 26 1 0 1918 0 0 -2 37 18 LOWERBD UONBASIC
29 R7 n19 24 1 0 1719 1 24 38 16 KEYARC BASIC

30 n8 nI9 23 1 0 1819 0 0 -1 39 17 LOWERBD NONBASIC
31 n9 n19 22 1 0 X919 0 0 -2 40 18 LOWERBD IOIBASIC
32 s n2 0 5 0 XS2 S 2 0 3 1 IEY_kRC BASIC
33 xi7 x20 23 1 0 1720 1 23 41 16 KEYARC BASIC
34 n8 n20 23 1 0 X820 0 0 42 17 KEYARC BASIC
35 a9 n20 22 1 0 1920 0 0 -1 43 18 LOWERBD NOEBASIC
36 n7 n21 22 1 0 X721 1 22 44 16 KEYAIRC BASIC
37 v8 n21 19 1 0 1821 0 0 -3 45 17 LOVERBD NOIBASIC
38 n9 n21 19 1 0 X921 0 0 -3 46 18 LOWERBD NOUBASIC
39 z n3 0 5 0 1 S3 S 5 0 1 4 1 UPPERBD NONBASIC
40 nl n4 0 5 0 X14 4 0 17 2 KEY_IRC BASIC
41 n2 nS 0 5 0 125 1 0 18 3 KEYARC BASIC
42 n3 n6 0 5 0 136 3 0 19 4 KEY-ARC BASIC
43 n4 n7 0 4 0 147 4 0 32 9 KEY-ARC BASIC
44 n5 n8 0 4 0 158 0 0 33 10 KEYAIRC BASIC
45 n6 n9 0 4 0 X69 0 0 -1 34 11 LOVERBD UOUBASIC
46 t a 0 99999999 0 ITS 12 0 1 23 KEYARC BASIC
47 n10 t 0 1 0 110T D 1 0 26 47 5 UPPERBD IONBASIC
48 nil t 0 1 0 11T D 1 0 22 48 6 UPPERD UONBASIC
49 n12 t 0 1 0 112T D 1 0 28 49 7 UPPERBD UOWBASIC
50 n13 t 0 1 0 X13T D 1 0 24 50 8 UPPERBD NOUBISIC
51 m14 t 0 1 0 114T D 1 0 21 51 12 UPPERBD 5ONBASIC
52 n15 t 0 1 0 X15T D 1 0 27 52 13 UPPEREBD NONBASIC
63 n16 t 0 1 0 X16T D 1 0 25 53 14 UPPERBD NONBASIC
54 n17 t 0 1 0 117T D 1 0 25 54 15 UPPERBD 1O1BASIC
SS n18 t 0 1 0 X18T D 1 0 28 55 19 UPPERBD NOUBISIC
56 n19 t 0 1 0 119T D 1 0 24 56 20 UPPERBD NOUBASIC
57 m20 t 0 1 0 120T D 1 0 23 57 21 UPPEREBD NOBASIC
58 n21 t 0 1 0 121T D 1 0 22 58 22 UPPERBD RONBASIC
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Appendix G. Network With Side Constraints-Formulation 3

G.1 Formulation

options linesize=120;
options pagesize=66;
title 'Facility Location - run 3';
title3 'Nodes for Facility Location';

data noded;
input -node- $ _sd_;
cards;

sO
tO

title3 'Arcs for Facility Location';
data arcdl;

input -from- $ -to- $ -cost- _capac_ -name- $;
cards;

s nl 0 12 xsl
s n2 0 12 xs2
s n3 0 12 xs3
ni nlO 20 1 x110
nl nIl 22 1 xili
nl n12 24 1 x'12
ni n13 21 1 x113
nl n4 0 8 x14
n2 nlO 23 1 x210
n2 nil 19 1 x211
n2 n12 28 1 x212
n2 n13 22 1 x213
n2 n5 0 8 x25
n3 nlO 27 1 x310
n3 nil 23 1 x311
n3 n12 21 1 x312
n3 n13 25 1 x313
n3 n6 0 8 x36
n4 n14 21 1 x414
n4 niS 27 1 x415
n4 n16 25 1 x416
n4 n17 21 1 x417
n4 n7 0 4 x47
n5 n14 21 1 x614
n5 n1i 23 1 xSlS
n5 n16 23 1 x516
n5 n17 23 1 x517
nS n8 0 4 x58
n6 n14 19 1 x614
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n6 n15 28 1 x615
n6 n16 26 1 x616
n6 n17 26 1 x617
n6 n9 0 4 x69
n7 n18 28 1 x718

n7 n19 24 1 x719
n7 n20 23 1 x720
n7 n21 22 1 x721
n8 n18 24 1 x818
n8 n19 23 1 x819
n8 n20 23 1 x820
n8 n21 19 1 x821
n9 n18 26 1 x918
n9 n19 22 1 x919
n9 n20 22 1 x920
n9 n21 19 1 x921
niO t 0 1 xiOt
nll t 0 1 xllt
n12 t 0 1 xl2t
n13 t 0 1 xl3t
n14 t 0 1 xl4t
niS t 0 1 x15t
n16 t 0 1 xl6t
n17 t 0 1 xl7t

n18 t 0 1 xl8t
n19 t 0 1 x19t
n20 t 0 1 x20t
n2l t 0 1 x2it
t s 0 . xts

title3 'Side constraints';
data condl;

input xsl xs2 xs3 xllO x1l1 x112 x113 x14 x210 x211 x212 x213 x25
x310 x311 x312 x313 x36 x414 x415 x416 x417 x47 x514 x515 x516 x517 x58
x614 x615 x616 x617 x69 x718 x719 x720 x721 x818 x819 x820 x821
x918 x919 x920 x921 -type- $ _rhs_;
cards;

S-1... .1 . .......................... . ... ... ............................... 0

I I 1.. . . ....... .11 .................. ................................ =0

-. . -.. .............. .11 .................. ........................... 0

.-1 . . .................... 11 1 . .............. . .................. 0

S. . . .... . ...... -1 ......... ............... 11111 . 1. ........ ................. 0
. . . . . . . . . . . . . . . .. . -1 . . . . . . . . . . I1 1 11 1 . . . . . . . . . . . . = 0

.. . . .... . .... .............. -1. ....... . ......... 1111. I ......... ....... =0

.. . . .... . ....... ... ................ .. -1 ..... .. ......... 1111 .... =0
. . . ...... ............. ........................ .. -1 ................. 111 1 =0

proc netflow
nodedata=noded
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arcdata~arcdl
condata~condl
conout~soliition
max
sourcernode~s
sinknode~t
namectrl11

proc print data~solution;
sun .jcost-;
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G.2 Solution

OBS -FIOM- -TO- -COST- .CAPAC_ _LO_ -NAME- -SUPPLY- _DERAND_ -FLOW- _FCOST_ _RCOST.. _AIUWB_ _T.UHB_ -STATUS-

1 S IL 0 12 0 ISi S 5 0 2 1 KEY-ARC BASIC
2 nl RlO 20 1 0 X110 0 0 -7 5 2 LOWERED NONBASIC
3 n2 RlO 23 1 0 1210 0 0 -4 6 3 LOWERBD NONBASIC
4 n3 RlO 27 1 0 1310 1 27 7 4 KEY-ARC BASIC
5 nl 11 22 1 0 Xlii 0 0 -1 8 2 LOWERBD NOIBASIC
6 n2 all 19 1 0 1211 0 0 -4 9 3 LOWERBD 1OUBASIC
7 n3 all 23 1 0 X311 1 23 10 4 KEY-ARC BASIC
8 al a12 24 1 0 X112 0 0 -4 11 2 LOWERBD BONBASIC
9 n2 a12 28 1 0 1212 1 28 12 3 REY-ARC BASIC

10 n3 a12 21 1 0 X312 0 0 -7 13 4 LOWERBD NONBASIC
11 al a13 21 1 0 1113 0 0 -4 14 2 LOWERED IONBASIC
12 n2 a13 22 1 0 1213 0 0 -3 15 3 LOWERBD IOUBASIC
13 n3 n13 25 1 0 X313 1 25 16 4 KEYARC BASIC
14 n4 z14 21 1 0 X414 1 21 20 9 KEY-ARC BASIC
15 as a14 21 1 0 1514 0 0 0 21 10 LOWERBD NOIBASIC
16 n6 n14 19 1 0 1614 0 0 -2 22 11 LOWERBD IOIBASIC
17 n4 Ids 27 1 0 X415 0 0 -1 23 9 LOWERBD NONBASIC
18 nS als 23 1 0 I515 0 0 -5 24 10 LOWERED UG0BASIC
19 n6 ais 28 1 0 X615 1 28 25 11 KEY-ARC BASIC
20 n4 A16 25 1 0 1416 0 0 -1 26 9 LOWERBD NONBASIC
21 n5 a16 23 1 0 1516 0 0 -3 27 10 LOWERBD NONBASIC
22 n6 w16 26 1 0 1616 1 26 28 11 KEY-ARC BASIC
23 n4 n17 21 1 0 X417 0 0 -5 29 9 LOWERBD NOUBASIC
24 nS al7 23 1 0 X517 0 0 -3 30 10 LOWERED NONBASIC
25 n6 a17 26 1 0 X617 1 26 31 11 KEY-ARC BASIC
26 n7 RI8 28 1 0 X718 1 28 35 16 ZEYARC BASIC
27 n8 R18 24 1 0 X818 0 0 -4 36 17 LOWERBD NONBASIC
28 a9 R18 26 1 0 X918 0 0 -2 37 18 LOWERED NODBASIC
29 n7 n19 24 1 0 1719 1 24 38 16 KEYARC BASIC
30 n8 a19 23 1 0 X819 0 0 -1 39 17 LOWERBD NONBASIC
31 n9 U19 22 1 0 1919 0 0 -2 40 18 LOWERBD NOIBASIC
32 s n2 0 12 0 1S2 S 1 0 3 1 KEY-ARC BASIC
33 n7 a20 23 1 0 1720 1 23 41 16 KEYARC BASIC
34 n8 a20 23 1 0 1820 0 0 0 42 17 LOWERBD NONBASIC
35 n9 a20 22 1 0 1920 0 0 -1 43 18 LOVERBD NOFBASIC
36 n7 n21 22 1 0 1721 1 22 44 16 KEY-ARC BASIC
37 n8 n21 19 1 0 X821 0 0 -3 45 17 LOWERBD NONBASIC
38 n9 n21 19 1 0 1921 0 0 -3 46 18 LOWERBD NORBASIC
39 s n3 0 12 0 XS3 S 6 0 4 1 KEYARC BASIC
40 nl n4 0 8 0 114 5 0 17 2 KEYJRC BASIC
41 n2 as 0 8 0 X25 0 0 18 3 ZEYARC BASIC
42 n3 n6 0 8 0 136 3 0 19 4 KEY-ARC BASIC
43 n4 n7 0 4 0 147 4 0 32 9 REY-ARC BASIC
44 nS n8 0 4 0 158 0 0 0 33 10 LOWERBD NOIBASIC
45 n6 n9 0 4 0 169 0 0 0 34 11 LOWERBD NONBASIC
46 t s 0 99999999 0 ITS 12 0 1 23 KEY-ARC BASIC
47 nRO t 0 1 0 110T D 1 0 27 47 5 UPPERBD IOUBASIC
48 nil t 0 1 0 H1IT D 1 0 23 48 6 UPPERBD NONBASIC
49 n12 t 0 1 0 112T D 1 0 28 49 7 UPPERBD UONBASIC
50 n13 t 0 1 0 113T D 1 0 25 50 8 UPPERBD NOUBASIC
51 n14 t 0 1 0 X14T D 1 0 21 51 12 UPPERBD NOIBASIC
52 n15 t 0 1 0 I15T D 1 0 28 52 13 UPPERBD NONBASIC
53 n16 t 0 1 0 X16T D 1 0 26 53 14 UPPERBD UOIBASIC
54 nl7 t 0 1 0 117T D 1 0 26 54 15 UPPERBD 1O0BASIC
55 n18 t 0 1 0 X18T D 1 0 28 55 19 UPPEREBD NOBASIC
56 n19 t 0 1 0 119T D 1 0 24 56 20 UPPERBD NONBASIC
57 n20 t 0 1 0 120T D 1 0 23 57 21 UPPERBD NONBASIC
58 n21 t 0 1 0 121T D 1 0 22 58 22 UPPERBD NO1BASIC
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Appendix H. Network Without Side Constraints Using PROC NETFLOW

H.1 Formulation

options linesize=120;
options pagesize=66;
title 'Facility Location - run 3';
title3 'Nodes for Facility Location';

data noded;
input -node- $ _sd_;
cards;

sO
tO

title3 'Arcs for Facility Location';
data arcdl;

input -from- $ -to- $ -cost_ _capac. -name- $;
cards;

s ni 0 12 xsi
s n2 0 12 xs2
s n3 0 12 xs3
ni nlO 20 1 xl1O
nl nil 22 1 xI1i
nl n12 24 1 x112
niL n13 21 1 x113
nl n4 0 8 x14
n2 niO 23 1 x210
n2 nxl 19 1 x211
n2 n12 28 1 x212
n2 n13 22 1 x213
n2 nS 0 8 x25
n3 niO 27 1 x310
n3 nll 23 1 x311
n3 n12 21 1 x312
n3 n13 25 1 x313
n3 n6 0 8 x36
n4 n14 21 1 x414
n4 ni1 27 1 x415
n4 n16 25 1 x416
n4 n17 21 1 x417
n4 n7 0 4 x47
nS n14 21 1 x514
n5 niS 23 1 x515
n5 n16 23 1 xS16
n5 n17 23 1 x517
nS n8 0 4 x58
n6 n14 19 1 x614
n6 ni1 28 1 x615
n6 n16 26 1 x616
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n6 n17 26 1 x617
n6 n9 0 4 x69
n7 n18 28 1 x718
n7 n19 24 1 x719
n7 n20 23 1 x720
n7 n21 22 1 x721
n8 n18 24 1 x818
n8 n19 23 1 x819
n8 n20 23 1 x820
n8 n21 19 1 x821
n9 n18 26 1 x918
n9 n19 22 1 x919
n9 n20 22 1 x920
n9 n21 19 1 x921
niO t 0 1 x1Ot
nll t 0 1 xllt
n12 t 0 1 xl2t
n13 t 0 1 xl3t
n14 t 0 1 xl4t
nUS t 0 1 x1st
n16 t 0 1 xl6t
n17 t 0 1 xl7t
n18 t 0 1 xl8t
n19 t 0 1 x19t
n20 t 0 1 x20t
n2l t 0 1 x2lt
t s 0 xts

title3 'Side constraints';
data condl;

input xsl xs2 xs3 x1lO xli1 x112 x113 x14 x210 x211 x212 x213 x26
x310 x311 x312 x313 x36 x414 x415 x416 x417 x47 x514 xSIS x516 x517 x58
x614 x615 x616 x617 x69 x718 x719 x720 x721 x818 x819 x820 x821
x918 x919 x920 x921 xts -type- $ _rhs_;
cards;

................... ........................................... 1=12

proc netflow
nodedata=noded
arcdata=arcdl
condata=condl
conout=solution
max
sourcenode=s
sinknode=t
namectrl=l;

proc print data=solution;
sum .fcost.;
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H.2 Solution

OBS -FROM- -TO- -COST- _CAPAC. _LO_ -NAME .-SUPPLY- _DWAUND_ _FLO_ _FCOST_ _RCOST_ _.ANIUB._ _TRULB_ _STATUS_

1 s ni 0 12 0 1I1 S 5 0 2 1 KEYARC BASIC

2 at nlO 20 1 0 1110 0 0 -7 5 2 LOVEIBD NONBASIC

3 n2 MlO 23 1 0 X210 0 0 -4 6 3 LOVERBD NORBASIC

4 x3 n1O 27 1 0 1310 1 27 7 4 KEY-ARC BASIC

5 al nil 22 1 0 1111 0 0 -1 8 2 LOVEIBD NOiBASIC

6 &2 nil 19 1 0 1211 0 0 -4 9 3 LOWERBD EOEBASIC

7 n3 nll 23 1 0 1311 1 23 10 4 KEY_ARC BASIC

8 nl n12 24 1 0 1112 0 0 -4 11 2 LOVEUBD NOIBASIC

9 z2 n12 28 1 0 X212 1 28 12 3 KEYAIC BASIC

10 x3 n12 21 1 0 1312 0 0 -7 13 4 LOVEUBD NOIBASIC

11 nl n13 21 1 0 1113 0 0 -4 14 2 LOVEKBD NONBASIC

12 n2 n13 22 1 0 X213 0 0 -3 15 3 LOVERBD 5OIBASIC

13 a3 n13 25 1 0 X313 1 25 16 4 KEY-ARC BASIC

14 n4 n14 21 1 0 1414 1 21 20 9 KEYIRC BASIC

15 ns n14 21 1 0 X514 0 0 0 21 10 LOVERBD NOIBASIC

16 16 n14 19 1 0 1614 0 0 -2 22 11 LOVEIBD NOIBASIC

17 x4 nlS 27 1 0 1415 0 0 -1 23 9 LOVERBD NOUBASIC

18 ns nis 23 1 0 X515 0 0 -5 24 10 LOVEUBD NOUBASIC

19 n6 n1s 28 1 0 1615 1 28 25 11 KEY-ARC BASIC

20 n4 n16 25 1 0 1416 0 0 -1 26 9 LOVERBD NOiBASIC

21 n5 n16 23 1 0 1516 0 0 -3 27 10 LOVEIBD OENBASIC

22 n6 nu6 26 1 0 X616 1 26 28 11 KEY-ARC BASIC

23 a4 n17 21 1 0 1417 0 0 -5 29 9 LOVEABD 5OUBASIC

24 ns n17 23 1 0 1517 0 0 -3 30 10 LOVERBD NONBASIC

25 n6 n17 26 1 0 X617 1 26 31 11 KEY-ARC BASIC

26 n7 nl8 28 1 0 1718 1 28 35 16 IEY-ARC BASIC

27 n8 n18 24 1 0 1818 0 0 -4 36 17 LOVENJBD NOIBASIC

28 n9 n18 26 1 0 1918 0 0 -2 37 18 LOVERUD NONBISIC

29 n7 n19 24 1 0 1719 1 24 38 !6 EY-AIRC BASIC

30 n8 n19 23 1 0 1819 0 0 -1 39 17 LOVEXBD IONBISIC

31 n9 n19 22 1 0 1919 0 0 -2 40 18 LOVEUD NONBASIC

32 a n2 0 12 0 1S2 5 1 0 3 1 KEY-_AC BASIC

33 n7 n20 23 1 0 1720 1 23 41 16 KEYAIC BASIC

34 n8 n20 23 1 0 1820 0 0 0 42 17 LOWERBD NONBASIC

35 n9 n20 22 1 0 1920 0 0 -1 43 18 LOVEIBD FONBASIC

36 7 n21 22 1 0 X721 1 22 44 16 KEYAIC BASIC

37 n8 n21 19 1 0 1821 0 0 -3 45 17 LOVERBD NOIBASIC

38 n9 n21 19 1 0 X921 0 0 -3 46 18 LOVERED EONBASIC

39 a n3 0 12 0 1S3 S 6 0 4 1 KEY._ARC BASIC

40 n1 a4 0 8 0 X14 5 0 17 2 IEYIRC BASIC

41 x2 n5 0 8 0 X25 0 0 18 3 KEYARC BASIC

42 n3 n6 0 8 0 136 3 0 19 4 KEY-ARC BASIC

43 n4 U7 0 4 0 X47 4 0 32 9 KFY_ARC BASIC

44 35 n8 0 4 0 X58 0 0 0 33 10 LOVERBD NOIBISIC

45n6 n9 0 4 0 169 0 0 0 34 11 LOVEBBD UOIBASIC

46 t a 0 99999999 0 ITS 12 0 1 23 KEY-ARC BASIC

47 nlO t 0 1 0 X1OT D 1 0 100000026 47 5 UPPERBD NONBASIC

48 nil t 0 1 0 111T D 1 0 100000022 48 6 UPPERBD NONBASIC

49 n12 t 0 1 0 X12T D 1 0 100000027 49 7 UPPERED NONBISIC

50 n13 t 0 1 0 113T D 1 0 100000024 50 8 UPPERBD NONBASIC

51 n14 t 0 1 0 X14T D 1 0 100000020 51 12 UPPERBD NOiBASIC

52 n1S t 0 1 0 1IST D 1 0 100000027 52 13 UPPERBD NONBASIC

53 n16 t 0 1 0 X16T D 1 0 100000025 53 14 UPPERBD NOiBASIC

54 n17 t 0 1 0 117T D 1 0 100000025 54 15 UPPEIBD NONBASIC

56 nl8 t 0 1 0 118T D 1 0 100000027 55 19 UPPERBD NONBASIC

56 n19 t 0 1 0 119T D 1 0 100000023 56 20 UPPERBD NONBASIC

57 n20 t 0 1 0 X20T D 1 0 100000022 57 21 UPPERBD 5ONBASIC

58 n21 t 0 1 0 X21T D 1 0 100000021 58 22 UPPERBD NONBASIC
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Appendix I. Network With Side Constraints-Formulation 4

LI Formulation

options linesize=120;
options pagesize=66;
title 'Facility Location - run 5';
title3 'Nodes for Facility Location';

data noded;
input -node- $ _sd_;
cards;

sO
to

title3 'Arcs for Facility Location';
data arcdl;

input -from- $ -to- $ _cost- _capac_ -name- $;
cards;

s nl 0 12 xsl
s n2 0 12 xs2
s n3 0 12 xs3
n1 niO 20 1 xllO
nl nll 22 1 xlll
nl n12 24 1 x112
nl n13 21 1 xl13
nl n4 0 8 x14
n2 nlO 23 1 x210
n2 nil 19 1 x2ii

n2 n12 28 1 x212
n2 n13 22 1 x213
n2 ng 0 8 x25
n3 nlO 27 1 x310
n3 nli 23 1 x311
n3 n12 21 1 x312
n3 n13 25 1 x313
n3 n6 0 8 x36
n4 n14 21 1 x414
n4 niS 27 1 x415
n4 n16 25 1 x416
n4 n17 21 1 x417
n4 n7 0 4 x47
n5 n14 21 1 x514
n5 niS 23 1 xS15
n5 n16 23 1 x516
n5 n17 23 1 x517
n5 n8 0 4 x58
n6 n14 19 1 x614
n6 n15 28 1 x615
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n6 n16 26 1 x616
n6 n17 26 1 x617
n6 n9 0 4 x69
n7 n18 28 1 x718
n7 n19 24 1 x719
n7 n20 23 1 x720
n7 n21 22 1 x721
n8 n18 24 1 x818
n8 n19 23 1 x819
n8 n20 23 1 x820
n8 n21 19 1 x821
n9 n18 26 1 x918
n9 n19 22 1 x919
n9 n20 22 1 x920
n9 n21 19 1 x921
nO t 0 1 xiOt
nll t 0 1 xllt
n2 t 0 1 xl2t
n3 t 0 1 xl3t
n4 t 0 1 xl4t
nM t 0 1 xrSt
n6 t 0 1 rl6t

n7 t 0 1 x17t
n8 t 0 1 x18t
n9 t 0 1 X19t

n20 t 0 1 x20t
n2l t 0 1 x2it
t s 0 . xts

title3 'Side constraints';
data condl;

input xsl xs2 xs3 x110 xlii x112 x113 x14 x210 x211 x212 x213 x25
x310 x311 x312 x313 x36 x414 x415 x416 x417 x47 x514 x515 x516 x517 x58

x614 x615 x616 x617 x69 x718 x719 x720 x721 x818 x819 x820 x821
x918 x919 x920 x921 -type- $ _rhs_;
cards;

-1 . 12 ................................... ..... . ........................................ = 0

-1 . . .. 12 ................................. . ..... . ....................................... = 0
-1 .. 12 ................................ ..... . ...................................... = 0
-1 ..... 12 ........................ ... ...... ...................................... = 0

-8 . ..... 12 ................................ ... .................................. = 0o

-1 ...... . 12 .................................. . .. .................................... = 0

--1 ........ 12 ...................................... .... ............................... = 0
-1 ... ........ 12 ............................ .. ... .................................. = 0
-1 .... ... ...... 12 . ............................ .. ... .............................. = 0
-8 ........... 12 ...... . ..... ..... .... .. .............................. = 0

-1. .... ...... 12 ............................. ... ............................ =0

-1. . ... ........ 12 ................................ .. ............................ =-0
S -1. . .. .......... 12 ............................ .. ........................... = 0
-1. .... . ............ 12 .......................... .. .......................... = 0
-8 ....... .............. 12 ...................... .... ........................... = 0

.-1 . .... . ......... 8 . ...................... . .......................... 0

S.. .- .. ........ . . ............ ...... ... .... ..................... 0
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.-1 . ...... .......... .. 8 . .................. . ........................ 0

.-1 . .... . . ............. 8 . .................... . .. ..................... 0

.-1 .... ..... .... 2. . 0. o

S.-.......... .- .......... 8 ........... .0

S. . .... . .. . . ... ..... .................. 8 ........ ...................... 0

.... . . ... ............ 8 . .......... . ................... 0

. . .. . . . . . . . .. . 8 . . . . . . . . . . . . . . . . . . 0

S. . . . . . . . . .1. -1 . . . . . . . . . . . .. . 2 . . . . . . . . . . . . . . . . .. 0
S.. . . . . . . ... . . .. . . . . . . .......... 8 . .. . . . . . . ........ .... 0
S.. . .. . . . ... . . .. . . .. . . ........... . 8 ......... . . .............. 0
S.. . . . . . . ... . . .. .. -1 .. .. . .... . . . 8 . . .. . . .. .. . .. . 0
S.. . .. . . . ... . . .. . . .... . ............ 8..... 8 ......... . . ........... 0
S.. . .. . . .... . . ... .- 1 .. . . . . ... . . .. . 2 . .. . .. .. . .. . 0
S.. . .. . . . .. . . . .. .. . .. . . .... . .......... 4 ... ... . .......... 0
S.. . . . . . . ... . . .. . . . .. . . ... . . ... ...... 4 .. .. ....... 0

. ... .. ..... . ............... 4... -1 ........ .. . ...... 0
S... . . . . .. . . .. . . . . . . .... .. ..... .. . ......... 4....... 0

S. . . . . . . . . . . . . . . . . . . . . . . . . . . ... . . . . . ........ . ..... 0
S. . . . . . . . . . . . . . . . . . . . . . . . . . . .... . . . . .......... .... 0

S. . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . .. . . . . . . . . 4 . . . 0
S. . . . . . . . . . . . . . ... . ........ ..... .... . . . . . . . . . 4 . . 0
S. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ... . . . ..... ...... 0
S. . . . . . . . . . . . . . . . . . . . .. . . . . . . . .. . -1. . . . . . . . . . . . 4 0

proc netilow
nodedata=noded
arcdata=arcdl
condata=condl

conout=solution

max

sourcenode=s
sinknode=t
namectrl=l;

proc print data=solution;
sum .fcost_;
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L2 Solution

OBS -FROM- -TO-. COST- _CAPAC_ _LO -ANEE -SUPPLY- -DEMAND- -FLOW- _FCOST_ _RCOST_ _NAJHB_ _TBUWB. .STATUS.

I s nl 0 12 0 IS1 S 0 0 2 1 KEY-ARC BASIC
2 al nlO 20 1 0 1110 0 0 -6.0000 5 2 LOWERED NONBASIC
3 n2 RIO 23 1 0 1210 0 0 6 3 IONKEY ARC BASIC
4 n3 nlO 27 1 0 1310 1 27 7 4 KEY-ARC BASIC
5 nl nil 22 1 0 1111 0 0 8 2 NONKEY ARC BASIC
6 n2 nil 19 1 0 1211 0 0 9 3 IONKEY ARC BASIC
7 n3 nil 23 1 0 1311 1 23 10 4 KEY-ARC BASIC
8 nl n12 24 1 0 1112 0 0 11 2 NOIKEY ARC BASIC
9 n2 n12 28 1 0 1212 0 0 12 3 KEY-ARC BASIC

10 n3 n12 21 1 0 X312 1 21 13 4 NONKEY ARC BASIC
11 nl n13 21 1 0 1113 0 0 14 2 NONKEY ARC BASIC
12 n2 n13 22 1 0 1213 0 0 15 3 DONKEY ARC BASIC
13 n3 n13 25 1 0 X313 1 25 16 4 KEY-ARC BASIC
14 n4 n14 21 1 0 1414 0 0 20 9 KEY-ARC BASIC
15 ns n14 21 1 0 X514 0 0 21 10 DONKEY ARC BASIC
16 n6 n14 19 1 0 1614 1 19 22 11 DONKEY ARC BASIC
17 n4 nis 27 1 0 1415 0 0 23 9 NOIKEY ARC BASIC
18 n5 niS 23 1 0 1515 0 0 24 10 DONKEY ARC BASIC
19 n6 n1s 28 1 0 1615 1 28 25 11 KEY-ARC BASIC
20 n4 n16 25 1 0 1416 0 0 26 9 NONKEY ARC BASIC
21 nS n16 23 1 0 1516 0 0 27 10 DONKEY ARC BASIC
22 n6 n16 26 1 0 1616 1 26 28 11 KEY.ARC BASIC
23 n4 n17 21 1 0 1417 0 0 29 9 NONKEY ARC BASIC
24 n5 n17 23 1 0 1517 0 0 30 10 DONKEY ARC BASIC
25 n6 n17 26 1 0 1617 1 26 31 11 EY._kRC BASIC
26 n7 nIB 28 1 0 1718 0 0 35 16 KEY-ARC BASIC
27 n8 n18 24 1 0 1818 0 0 -3.0000 36 17 LOWERED NONBASIC
28 n9 .18 26 1 0 X918 1 26 37 18 DONUET ARC BASIC
29 n7 n19 24 1 0 1719 0 0 38 16 KEY-ARC BASIC
30 n8 n19 23 1 0 1819 0 0 39 17 DONKEY ARC BASIC
31 n9 n19 22 1 0 1919 1 22 40 18 BONNEY ARC BASIC
32 s R2 0 12 0 XS2 S 0 0 3 1 KEYARC BASIC
33 n7 n20 23 1 0 1720 0 0 41 16 KEY-ARC BASIC

34 n8 n20 23 1 0 1820 0 0 0.0000 42 17 LOWERED DOEBASIC
35 n9 n20 22 1 0 1920 1 22 43 18 NONKEY ARC BASIC
36 n7 n21 22 1 0 1721 0 0 44 16 KEY-ARC BASIC
37 n8 n21 19 1 0 1821 0 0 -1.0000 45 17 LOWERED NONBASIC
38 n9 n21 19 1 0 1921 1 19 46 18 DONUET ARC BASIC
39 s a3 0 12 0 1S3 S 12 0 4 1 KEY_ARC BASIC
40 n1 n4 0 8 0 114 0 0 17 2 KEY-ARC BASIC
41 n2 n5 0 8 0 125 0 0 18 3 KEY-ARC BASIC
42 n3 n6 0 8 0 136 8 0 19 4 KEY-ARC BASIC
43 n4 n7 0 4 0 147 0 0 32 9 KEY-ARC BASIC
44 n5 R8 0 4 0 158 0 0 -2.2500 33 10 LOWERED DODBASIC
45 n6 n9 0 4 0 169 4 0 34 11 KEY-ARC BASIC
46 t s 0 99999999 0 ITS 12 0 1 23 KEY-ARC BASIC
47 nIO t 0 1 0 110T D 1 0 47 5 NONKE¥ ARC BASIC
48 nll t 0 1 0 i1lT D 1 0 48 6 NONREY ARC BASIC
49 n12 t 0 1 0 X12T D 1 0 49 7 DONIOE ARC BASIC
50 n13 t 0 1 0 113T D 1 0 50 8 IONKEY ARC BASIC
51 n14 t 0 1 0 114T D 1 0 51 12 NONKEE ARC BASIC
52 n15 t 0 1 0 115T D 1 0 52 13 BONNEY ARC BASIC
53 n16 t 0 1 0 116T D 1 0 53 14 NONlEY ARC BASIC
54 n17 t 0 1 0 X17T D 1 0 54 15 NONKEY ARC BASIC
55 .18 t 0 1 0 118T D 1 0 74.7500 55 19 UPPERBD NODEASIC
56 n19 t 0 1 0 119T D 1 0 70.7500 56 20 UPPERBD DONBASIC
S7 n20 t 0 1 0 X20T D 1 0 70.7500 57 21 UPPERBD NORBASIC
58 n21 t 0 1 0 121T D 1 0 67.7500 58 22 UPPERED DOEBASIC
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Appendix J. Network With Side Constraints-Formulation 4 Reduced

J.1 Formulation

options linesize=120;
options pagesize=66;
title 'Facility Location - run 6';
title3 'Nodes for Facility Location';

data noded;

input -node- $ _sd_;
cards;

sO
tO

title3 'Arcs for Facility Location';
data arcdi;

input -from- $ -to- $ _cost- _capac_ -name- $;
cards;

s nI 0 12 xsl
s n2 0 12 xs2
s n3 0 12 xs3
nl n1O 20 1 x110
al n1l 22 1 xlii

nI n12 24 1 x112
nl n13 21 1 x113
al n4 0 8 x14
n2 niO 23 1 x210
n2 nil 19 1 x211
n2 n12 28 1 x212
n2 n13 22 1 x213
n2 n5 0 8 x25
n3 niO 27 1 x310
n3 nil 23 1 x311
n3 n12 21 1 x312
n3 n13 25 1 x313
n3 n6 0 8 x36
n4 n14 21 1 x414
n4 ni 27 1 x415
n4 n16 25 1 x416
n4 n17 21 1 x417
n4 n7 0 4 x47
nS n14 21 1 x514
n5 n15 23 1 x515.
n6 ni6 23 1 x516
nS n17 23 1 x517
n5 n8 0 4 x58
n6 n14 19 1 x614
n6 ni 28 1 x615
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n6 n16 26 1 x616
n6 n17 26 1 x617
n6 n9 0 4 x69
n7 n18 28 1 x718
n? n19 24 1 x719
n7 n20 23 1 x720
n7 n21 22 1 x721
n8 n18 24 1 x818
n8 n19 23 1 x819

n8 n20 23 1 x820
n8 n21 19 1 x821
n9 n18 26 1 x918
n9 n19 22 1 x919

n9 n20 22 1 x920
n9 n21 19 1 x921
nIO t 0 1 x1Ot
nll t 0 1 xilt

nh2 t 0 1 xl2t
n3 t 0 1 x13t
n14 t 0 1 xl4t
n1i t 0 1 x1st
n6 t 0 1 x16t
n7 t 0 1 xl7t
n18 t 0 1 x18t
n9 t 0 1 x19t
n20 t 0 1 x20t
n2l t 0 1 x2lt
t s 0 Xts

title3 'Side constraints';
data condl;

input xsl xs2 xs3 x110 x111 x112 x113 x14 x210 x211 x212 x213 x25
x310 x311 x312 x313 x36 x414 x415 x416 x417 x47 x514 xSl5 x516 xS17 x58
x614 x615 x616 x617 x69 x718 x719 x720 x721 x818 x819 x820 x821
x918 x919 x920 x921 -type- $ _rhs_;
cards;

-1 . 12 ................................... ..... . ........................................ = 0

-1 . . .. 12 ................................. . ..... . ....................................... = 0
-1 . 12 .............................. . ...... ....................................... = 0
-1 ...... 12 .................... ..... ...... ...................................... = 0
-8. ....... 12 ................................ .... ..................................... = 0

-1 .. ...... .. 12 ............................... .. .................................. = o
-1 .. ....... 12 ...................................... ................................... = 0
-1. ... .... .... 12. ........................ .. . ................................. = o
-1 .... ... ...... 12 . ............................ .. ... .............................. = 0
-8. .. .......... 12 ............................ .... .. .............................. =0

-1 .... .......... .. 12 ........................... ... .. ............................. = 0

-1 ... ... ........ 12 .......................... ....... . ............................. = 0
-1 ..... . ........... 12 ........................ .... . ............................ = 0
-1 ..... . ............ .. 12 .................... ... .... ............................ = 0
-8. .... . ............. 12 ...................... .... ........................... = 0

.-1 . .... . ......... 8 . ...................... . .......................... 0

S.. .- .. ........ . 8 ...................... ... .... ..................... 0
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. -1 .. .. 8..8................ . ... O

.-............................ 8 ....................... 0

.-.............................. 2...................................................0
. .... * 1....................8.................................................0

............................................................................ 0
............................ 8.............................................0

. ... .. .................................... 8...........................................0

. . .. . .. . .. ... -...1 .8..8 . .... .... .... 0

. -1.. . . . . . . . . .2 . = . . . . . 0

proc netf low
nodedata=noded
arcdata=arcdl
condata~condl
conout=solution
mlax
sou~rcenode~s
sinknode~t
naniectrl~i;

proc print data~solution;
sum .dcost..;

J-3



J.2 Solution

OBS -FROM- -TO- -COST- _CAPAC_ _0L_ _.AI"F_ -SUPPLY- DEBIID_ -FLOW- _FCOST_ _RCOST_ -Alm-B _TUUNB_ STATUS-

I s nl 0 12 0 IS1 s 0 0 2 1 KEY-ARC BASIC
2 al nlO 20 1 0 Zi1o 0 0 S 2 IEYARC BASIC
3 n2 UlO 23 1 0 1210 0 0 6 3 IOKEY ARC BASIC
4 n3 nlO 27 1 0 1310 1 27 7 4 EONNEY ARC BASIC
S n1 nll 22 1 0 1111 0 0 8 2 NOIKEY ARC BASIC
6 n2 nll 19 1 0 1211 0 0 9 3 BONNEY ARC BASIC
7 n3 nll 23 1 0 1311 1 23 10 4 KEY-ARC BASIC
8 ni n12 24 1 0 1112 0 0 -2.0000 11 2 LOVERBD NOIBASIC
9 n2 n12 28 1 0 1212 0 0 12 3 KEYARC BASIC

10 n3 n12 21 1 0 1312 1 21 13 4 BONKEY ARC BASIC
11 nl n13 21 1 0 1113 0 0 14 2 BOIKEY ARC BASIC
12 n2 n13 22 1 0 1213 0 0 15 3 BONKEY ARC BASIC
13 n3 n13 25 1 0 1313 1 25 16 4 ZEYIARC BASIC
14 n4 n14 21 1 0 X414 0 0 20 9 KEY-ARC BASIC
15 nS n14 21 1 0 1514 0 0 -1.0000 21 10 LOWEXBD NONBASIC
16 n6 n14 19 1 0 1614 1 19 22 11 NOIKEY ARC BASIC
17 n4 n1s 27 1 0 1415 0 0 23 9 IORKEY ARC BASIC
18 nS nl5 23 1 0 1515 0 0 24 10 OINKEY ARC BASIC
19 n6 nMS 28 1 0 1615 1 28 25 11 KEY_ARC BASIC
20 n4 n16 25 1 0 1416 0 0 26 9 BOIKEY ARC BASIC
21 AS n16 23 1 0 1516 0 0 27 10 IBONEY ARC BASIC
22 n6 n16 26 1 0 1616 1 26 28 11 KEYARC BASIC
23 n4 n17 21 1 0 1417 0 0 29 9 BONKEY ARC BASIC
24 nS n17 23 1 0 1517 0 0 30 10 FORNEY ARC BASIC
25 n6 n17 26 1 0 1617 1 26 31 11 KEY-ARC BASIC
26 n7 a18 28 1 0 1718 0 0 35 16 KEYARC BASIC

27 n8 z18 24 1 0 1818 0 0 -4.0000 36 17 LOUERBD IOIBASIC
28 n9 n18 26 1 0 1918 1 26 1.0000 37 18 UPPERBD NONBASIC
29 n7 n19 24 1 0 1719 0 0 38 16 KEYARC BASIC
30 n8 n19 23 1 0 1819 0 0 -1.0000 39 17 LOWERED NONBASIC
31 n9 n19 22 1 0 1919 1 22 1.0000 40 18 UPPERLBD NOIBASIC
32 . n2 0 12 0 1S2 S 0 0 3 1 KEY-ARC BASIC
33n7 n20 23 1 0 1720 0 0 41 16 KEY-ARC BASIC
34 n8 n20 23 1 0 1820 0 0 0.0000 42 17 LOVERBD 1OIBASIC
35 n9 n20 22 1 0 1920 1 22 2.0000 43 18 UPPERBD NOIBASIC
36 n7 n21 22 1 0 1721 0 0 44 16 KEY-ARC BASIC
37 n8 n21 19 1 0 X821 0 0 -3.0000 45 17 LOWERBD NONBASIC
38 a9 n21 19 1 0 1921 1 19 46 18 BONNEY ARC BASIC
39 a n3 0 12 0 1S3 S 12 0 4 1 KEY-ARC BASIC
40 nl a4 0 8 0 114 0 0 17 2 KEYARC BASIC
41 n2 AS 0 8 0 125 0 0 18 3 KEY-ARC BASIC
42 n3 n6 0 8 0 136 8 0 19 4 KEYARC BASIC
43 n4 n7 0 4 0 147 0 0 32 9 KEY-ARC BASIC
44 AS n8 0 4 0 158 0 0 33 10 BONKEY ARC BASIC
45 n6 n9 0 4 0 169 4 0 34 11 KEY-ARC BASIC
46 t a 0 99999999 0 ITS 12 0 1 23 IEYARC BASIC
47 n10 t 0 1 0 IOT D 1 0 47 5 NONKEY ARC BASIC
48 nll t 0 1 0 I11T D 1 0 48 6 BONKEY ARC BASIC
49 n12 t 0 1 0 112T D 1 0 49 7 IONKEY ARC BASIC
50 n13 t 0 1 0 X13T D 1 0 50 8 BNNKEY ARC BASIC
61 n14 t 0 1 0 114T D 1 0 51 12 BONKEY ARC BASIC
52 n15 t 0 1 0 X15T D 1 0 52 13 BONKEY ARC BASIC

53 n16 t 0 1 0 116T D 1 0 53 14 MONKEY ARC BASIC
54 n17 t 0 1 0 117T D 1 0 54 1S IONKEY ARC BASIC
55 n18 t 0 1 0 187T D 1 0 73.7500 55 19 UPPEREBD NOUBASIC
56 n19 t 0 1 0 119T D 1 0 69.7500 56 20 UPPERBD NOIBASIC
67 n20 t 0 1 0 120T D 1 0 68.7500 57 21 UPPERBD NOEBASIC
58 n21 t 0 1 0 X21T D 1 0 67.7500 58 22 UPPERBD NOIBASIC

284

J-4



Appendix K. Network With Side Constraints-Formulation 4 Reduced Further

K.1 Formulation

options linesize=120;
options pagesize=66;
title 'Facility Location - run 7';
title3 'Nodes for Facility Location';

data noded;
input -node_ $ _sd_;
cards;

sO
to

title3 'Arcs for Facility Location';
data arcdl;

input -from- $ -to- $ -cost- _capac_ -name- $;
cards;

"s ni 0 12 xsl
"s n2 0 12 xs2
s n3 0 12 xs3
ni nlO 20 1 xil0
nI n1i 22 1 xlI1
ni n12 24 1 x112
nI n13 21 1 x113
ni n4 0 8 x14
n2 nlO 23 1 x2iO
n2 nil 19 1 x211
n2 n12 28 1 x212
n2 n13 22 1 x213
n2 n5 0 8 x25
n3 nlO 27 1 x310
n3 nil 23 1 x311
n3 n12 21 1 x312
n3 n13 25 1 x313
n3 n6 0 8 x36
n4 n14 21 1 x414
n4 n1S 27 1 x415
n4 n16 25 1 x416
n4 n17 21 1 x417
n4 n7 0 4 x47
n5 n14 21 1 x514
nS n15 23 1 x515
n5 n16 23 1 x516
nS n17 23 1 x517
nS n8 0 4 x58
n6 n14 19 1 x614
n6 nI5 28 1 x615
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n6 n16 26 1 x616
n6 n17 26 1 x617
n6 n9 0 4 x69
n7 n18 28 1 x718
n7 n19 24 1 x719
n7 n20 23 1 x720
n7 n21 22 1 x721
n8 n18 24 1 x818
n8 n19 23 1 x819
n8 n20 23 1 x820
n8 n21 19 1 x821
n9 n18 26 1 x918
n9 n19 22 1 x919
n9 n20 22 1 x920
n9 n21 19 1 x921
niO t 0 1 XhOt
nll t 0 1 xllt
n2 t 0 1 xl2t
n13 t 0 1 xl3t
n14 t 0 1 x14t
n15 t 0 1 xzSt
n16 t 0 1 x16t
n17 t 0 1 xl7t
nl8 t 0 1 x18t
n19 t 0 1 x19t
n20 t 0 1 x20t
n2l t 0 1 x2lt
t s 0 Xts

title3 'Side constraints';
data condl;

input xsl xs2 xs3 xllO xlii x112 x113 x14 x210 x211 x212 x213 x25
x310 x311 x312 x313 x36 x414 x415 x416 x417 x47 x514 x51S x516 x517 x58
x614 x615 x616 x617 x69 x718 x719 x720 x721 x818 x819 x820 x821
x918 x919 x920 x921 -type- $ _rhs_;
cards;

-1 . 12 ................................... ..... . ........................................ = 0
-1 . . 12 ...................................... ........................................ = 0
-1 . .. 12 .......................... ... ...... ....................................... = 0
-1. 2..... 12 . .................. ..... ..... ...................................... = 0
-8. ....... 12 ................................ .... ..................................... = 0

-1 .. ..... 12 ............................... .. .. .................................... = 0

S-1 ....... 12 .................................. . .. .... ............................... = 0
S-1 ...... .. 12 ................................ .................................. =0

S -1 . ......... 12 ............................ . ... ... .............................. = 0
-8 .... .......... 12 ............................ ... ... ............................. = 0

-1 .... .......... .. 12 ............................. ... ............................ =0
S .-1 . .. ......... 12 ................................ .. ............................ = 0

. ..... . ........... 12 ........................ .... . ............................ = 0
S .-1 . . . ............ 12 ........................ ... . ........................... = 0

-8 ....... .............. 12 ...................... .... ........................... = 0
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proc Ratf low
nodedata~noded
arcdata~arcdl
condata~condl
conout~solution
max
sourcenode~s
sinknode~t
namectrl~l;

proc print data~solution;
sum ..icost..;
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K. 2 Solution

0BS _FROR_ -TO- -COST- _CAPAC_ -. 0.. NAME- -SUPPLY- .DEKAND_ -FLOW- _FCOST_ _RCOST_ -AImU-B -TIUEBM- -STATUS-

1 a n1 0 12 0 IS1 S 4.500 0.000 2 1 KEY-AIC BASIC
2 ul nlO 20 1 0 1110 0.375 7.500 5 2 UODKEY ARC BASIC
3 n2 nlO 23 1 0 1210 0.250 5.750 6 3 NOIZEY ARC BASIC
4 n3 n1O 27 1 0 1310 0.375 10.125 7 4 KEY_AKC BASIC
5 n1 nil 22 1 0 1111 0.375 8.250 8 2 DIOKEY ARC BASIC
6 n2 nil 19 1 0 1211 0.250 4.750 9 3 IOiKET ARC BASIC
7 n3 nll 23 1 0 1311 0.375 8.625 10 4 KEY_ARC BASIC
8 n1 n12 24 1 0 1112 0.375 9.000 11 2 1ONIEY ARC BASIC
9 n2 n12 28 1 0 1212 0.250 7.000 12 3 KEY-ARC BASIC

10 n3 n12 21 1 0 1312 0.375 7.875 13 4 IONKEY ARC BASIC
11 Rl n13 21 1 0 1113 0.375 7.875 14 2 UONKEY ARC BASIC
12 n2 n13 22 1 0 1213 0.250 5.500 15 3 NONlEY ARC BASIC
13 n3 n13 25 1 0 1313 0.375 9.375 16 4 IEYARC BASIC
14 n4 n14 21 1 0 1414 0.000 0.000 20 9 KEY-ARC BASIC
15 ns n14 21 1 0 1514 1.000 21.000 0.625 21 10 UPPERBD NONBASIC
16 n6 n14 19 1 0 1614 0.000 0.000 -0.875 22 11 LOWERBD EONBASIC
17 n4 n1s 27 1 0 X415 0.000 0.000 -2.125 23 9 LOWERBD NOIBASIC
18 ns nis 23 1 0 I515 0.000 0.000 -5.500 24 10 LOWERED NONBASIC
19 n6 n1s 28 1 0 1615 1.000 28.000 25 11 KEY.ARC BASIC
20 n4 a16 25 1 0 1416 0.000 0.000 -2.125 26 9 LOWERED NONBASIC
21 n5 n16 23 1 0 1516 0.000 0.000 -3.500 27 10 LOWERED NONBASIC
22 a6 n16 26 1 0 1616 1.000 26.000 28 11 KEY-ARC BASIC
23 n4 n17 21 1 0 1417 0.000 0.000 -6.125 29 9 LOWERED NONBASIC
24 n5 n17 23 1 0 1517 0.000 0.000 -3.500 30 10 LOWERED ENOBASIC
25 n6 n17 26 1 0 1617 1.000 26.000 31 11 KEY_.ARC BASIC
26 n7 n18 28 1 0 1718 1.000 28.000 35 16 KEY-ARC BASIC
27 n8 n18 24 1 0 1818 0.000 0.000 -3.375 36 17 LOWERED NONBASIC
28 u9 n18 26 1 0 1918 0.000 0.000 -0.875 37 18 T.OUERBD NONBASIC
29 n7 n19 24 1 0 1719 1.000 24.000 38 16 IEYAIRC BASIC
30 a8 n19 23 1 0 1819 0.000 0.000 -0.375 39 17 LOWERED NOIBASIC
31 u9 n19 22 1 0 1919 0.000 0.000 -0.875 40 18 LOWERED NONBASIC
32 s n2 0 12 0 XS2 S 3.000 0.000 3 1 IEYARC BASIC
33 n7 n20 23 1 0 1720 0.000 0.000 -0.625 41 16 LOWERED NOUBASIC
34 a8 n20 23 1 0 1820 1.000 23.000 42 17 KEY-ARC BASIC
35 n9 n20 22 1 0 1920 0.000 0.000 -0.500 43 18 LOWERED NONBASIC
36 n7 n21 22 1 0 1721 1.000 22.000 44 16 KEY-ARC BASIC
37 n8 n21 19 1 0 1821 0.000 0.000 -2.375 45 17 LOWERED NOEBASIC
38 n9 n21 19 1 0 1921 0.000 0.000 -1.875 46 18 LOWERED 0NOBASIC
39 a n3 0 12 0 1S3 S 4.500 0.000 4 1 KEY-ARC BASIC
40 nl M4 0 8 0 X14 3.000 0.000 17 2 KEY-ARC BASIC
41 a2 nS 0 8 0 125 2.000 0.000 18 3 KEY-ARC BASIC
42 n3 n6 0 8 0 136 3.000 0.000 19 4 REY-ARC BASIC
43 n4 n7 0 4 0 147 3.000 0.000 32 9 KEY-ARC BASIC
44 n5 R8 0 4 0 158 1.000 0.000 33 10 KEY-ARC BASIC
45 a6 n9 0 4 0 169 0.000 0.000 34 11 KEY-ARC BASIC
46 t a 0 99999999 0 ITS 12.000 0.000 1 23 KEY-ARC BASIC
47 nlO t 0 1 0 XIOT D 1.000 0.000 47 5 NONKE? ARC BASIC
48 nil t 0 1 0 111T D 1.000 0.000 48 6 UOIIEY ARC BASIC
49 M12 t 0 1 0 112T D 1.000 0.000 255.000 49 7 UPPERBD NONBASIC
50 n13 t 0 1 0 X13T D 1.000 0.000 o50 8 ONIET ARC BASIC

1 a14 t 0 1 0 X14T D 1.000 0.000 51 12 NONKEY ARC BASIC
52 n16 t 0 1 0 I15T D 1.000 0.000 8.125 52 13 UPPERBD NOUBASIC
53 a16 t 0 1 0 116T D 1.000 0.000 6.125 53 14 UPPERBD NOBBASIC
54 n17 t 0 1 0 117T D 1.000 0.000 6.125 54 15 UPPERBD NONBASIC
56 n18 t 0 1 0 118T D 1.000 0.000 7.000 55 19 UPPERBD IOUBASIC
66 n19 t 0 1 0 119T D 1.000 0.000 3.000 56 20 UPPERBD NONBASIC
57 n20 t 0 1 0 120T D 1.000 0.000 2.625 57 21 UPPERBE IONBASIC
58 n21 t 0 1 0 121T D 1.000 0.000 1.000 58 22 UPPERBD NONBASIC
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Appendix L. NWSC Multi-Commodity Flow Formulation 1

L.1 Formulation

options linesize=120;
options pagesize=66;
title 'Facility Location - run 8';
title3 'Nodes for Facility Location';

data noded;
input -node- $ _sd_;
cards;

nl 0
n2 0
n3 0
n4 0
nS 0
n6 0
n7 0
n8 0
n9 0
t 0

title3 'Arcs for Facility Location';
data arcdl;

input -from- $ -to- $ _cost- _capac_ -name- $;
cards;

nl nlO 20 1 x11O
nl nil 22 1 xlll
nl n12 24 1 x112

ni n13 21 1 xi13
n2 nlO 23 1 x210
n2 nil 19 1 x21l
n2 n12 28 1 x212
n2 n13 22 1 x213
n3 niO 27 1 x310

n3 nil 23 1 x31l
n3 n12 21 1 x312
n3 n13 25 1 x313
n4 n14 21 1 x414

n4 n15 27 1 x415
n4 n16 25 1 x416
n4 n17 21 1 x417
nS n14 21 1 x514
nS n1i 23 1 x515
nS n16 23 1 x516
nS n17 23 1 x617
n6 n14 19 1 x614
n6 ni 28 1 x616
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a6 n16 26 1 x616

n6 n17 26 1 x617
n7 n18 28 1 x718
n7 n19 24 1 x719
n7 n20 23 1 x720
n7 n21 22 1 x721
n8 n18 24 1 x818
n8 n19 23 1 x819
n8 n20 23 1 x820
n8 n21 19 1 x821
n9 n18 26 1 x918
n9 n19 22 1 x919
n9 n20 22 1 x920
n9 n21 19 1 x921
niO t 0 1 xlOt
nllt 0 1 xllt
n12 t 0 1 x12t
n13 t 0 1 xl3t
n14 t 0 1 x14t
n15 t 0 1 x1st
n16 t 0 1 x16t

n17 t 0 1 x17t
n18 t 0 1 x18t
n19 t 0 1 x19t
n20 t 0 1 x20t
n2l t 0 1 x2lt
t nl 0 xtl
t n2 0 xt2
t n3 0 xt3
t n4 0 xt4
t n5 0 xts
t n6 0 xt6
t n7 0 xt7
t n8 0 xt8
t n9 0 xt9

title3 'Side constraints';
data condl;

input
xllO xlll x112 x113 x210 x211 x212 x213 x310 x311 x312 x313 x414 x415 x416
x417 x514 x515 x516 x517 x614 x615 x616 x617 x718 x719 x720 x721 x818 x819
x820 x821 x918 x919 x920 x921 xtl xt2 xt3 xt4 xt5 xt6 xt7 xt8 xt9

-type- $ _rhs_;
cards;

.......... ........ .................................... ..... eqO

................. ............ ........ ...... . ............... ............ ... . . eqO

................ .. ........... . ............... ............. .. .... eqO

............................. .............. . ............................ .... . eq 0
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . -1 . . I . . . eq O0

-I.I .eqO0
............................................ 1......1eq0
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proc netf low
nodedat anoded
arcdata=arcdl
condata=condl
conout=solution
max
sourcenode~s
sinknode=t
nainectrl 1;

proc print data~solution;
sum !fcost-;
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L.2 Solution

OBS -FROM- -TO- -COST- _CAPAC_ -LO_ -SANEE -SUPPLY- _DENAID_ -FLOW- _FCOST_ _RCOST_ _AWIUB_ _TNUUB_ -STATUS-

I t Rl 0 99999999 0 1T1 1 0 1 22 IEYAIRC BASIC
2 nl RlO 20 1 0 1110 0 0 -6 2 1 LOWERED NORBASIC
3 n2 RlO 23 1 0 1210 0 0 -6 3 6 LOWERED NOBASIC
4 n3 nlO 27 1 0 1310 1 27 4 7 KEY-ARC BASIC
5 n1 nll 22 1 0 Illl 1 22 0 5 1 UPPERED IOWBASIC
6 n2 all 19 1 0 1211 0 0 -6 6 6 LOWER.ED NONBASIC
7 m3 211 23 1 0 1311 0 0 7 7 KEY-ARC BASIC
8 nl n12 24 1 0 1112 0 0 -1 8 1 LOWERED 1ONBASIC

9 m2 n12 28 1 0 1212 1 28 9 6 IEY_.AC BASIC
10 &3 m12 21 1 0 1312 0 0 -5 10 7 LOWERED IOIBASIC
11 Il n13 21 1 0 1113 0 0 -3 11 1 LOWERED EOIBASIC
12 n2 n13 22 1 0 1213 0 0 -5 12 6 LOWERED NOIBASIC
13 n3 n13 25 1 0 1313 1 25 13 7 IEYARC BASIC
14 n4 n14 21 1 0 X414 0 0 17 8 KEY-IRC BASIC
15 uS n14 21 1 0 X514 1 21 2 18 13 UPPERBD NOIBASIC
16 n6 n14 19 1 0 1614 0 0 -3 19 14 LOWERED NOWBASIC
17 n4 315 27 1 0 1415 1 27 0 20 8 UPPERBD NOIBASIC
18 ns n15 23 1 0 I515 0 0 -2 21 13 LOWERED NONBASIC
19 n6 1&5 28 1 0 1615 0 0 22 14 IEY_ARC BASIC
20 a4 m16 25 1 0 1416 0 0 23 8 NONIE ARIC BASIC
21 nS n16 23 1 0 1516 0 0 24 13 NORKEY ARC BASIC
22 n6 n16 26 1 0 1616 1 26 25 14 IEYARC BASIC
23 n4 n17 21 1 0 1417 0 0 -4 26 8 LOWERED NONBASIC
24 a5 n17 23 1 0 1517 0 0 0 27 13 LOWERED NONBASIC
25 n6 m17 26 1 0 1617 1 26 28 14 IEY-ARC BASIC
26 m7 318 28 1 0 1718 0 0 32 15 KEYARC BASIC
27 n8 318 24 1 0 1818 0 0 -3 33 20 LOWERED NOUBASIC
28 n9 n18 26 1 0 1918 1 26 0 34 21 UPPIRED IOEBASIC
29 x7 U19 24 1 0 1719 0 0 35 15 KEYARC BASIC
30 a8 n19 23 1 0 1819 1 23 0 36 20 UPPERBD NOWBASIC
31 n9 319 22 1 0 1919 0 0 37 21 IO1KEY ARC BASIC
32 t a2 0 99999999 0 1T2 1 0 14 22 KEYAIC BASIC
33 n7 a20 23 1 0 1720 0 0 -1 38 15 LOWERED 5OIBASIC
34 a8 a20 23 1 0 1820 0 0 39 20 KEYARC BASIC
35 n9 n20 22 1 0 1920 1 22 40 21 IONIEY ARC BASIC
36 n7 321 22 1 0 1721 1 22 41 15 KEY-ARC BASIC
37 R8 n21 19 1 0 X821 0 0 -2 42 20 LOWERED NOIBASIC
38 n9 u21 19 1 0 1921 0 0 -1 43 21 LOWERED NONASIC
39 t n3 0 99999999 0 1T3 2 0 15 22 KEY_IRC BASIC
40 t n4 0 99999999 0 1T4 1 0 16 22 IEYARC BASIC
41 t nS 0 99999999 0 IT5 1 0 29 22 KEY-AIC BASIC
42 t n6 0 99999999 0 XT6 2 0 30 22 KEY-ARC BASIC
43 t n7 0 99999999 0 177 1 0 31 22 KEY-ARC BASIC
44 t R8 0 99999999 0 1T8 1 0 44 22 KEY-ARC BASIC
45 t n9 0 99999999 0 XT9 2 0 45 22 KEY-ARC BASIC
46 31O t 0 1 0 X1OT D 1 0 4 46 2 UPPERBD IONBASIC
47 1ll t 0 1 0 111T D 1 0 47 3 EONKEY AiC BASIC
48 a12 t 0 1 0 112T D 1 0 3 48 4 UPPERBD 5ONBASIC
49 n13 t 0 1 0 X13T D 1 0 2 49 S UPPERBD IONBASIC

50 n14 t 0 1 0 114T D 1 0 50 9 iONKEY ARC BASIC
61 niS t 0 1 0 115T D 1 0 6 51 10 UPPERBD NONBASIC
52 n16 t 0 1 0 116T D 1 0 4 52 11 UPPEREBD NOBASIC
53 n17 t 0 1 0 117T D 1 0 4 53 12 UPPERBD NONBASIC
54 n18 t 0 1 0 118T D 1 0 71 54 16 UPPERBD NONBASIC
65 n19 t 0 1 0 119T D 1 0 67 55 17 UPPERED NONBASIC
56 n20 t 0 1 0 120T D 1 0 67 56 18 UPPERBD NOSBASIC
57 321 t 0 1 0 121T D 1 0 65 57 19 UPPERBD TOIBASIC
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Appendix M. NWSC Multi-Commodity Flow Formulation 2

M.1 Formnulation

options linesize=120;
options pagesize=66;
title 'Facility Location - run 9';
title3 'Nodes for Facility Location';

data noded;
input _node_ $ _sd_;
cards;

nl 0
n2 0
n3 0
n4 0
nS 0
n6 0
n7 0
n8 0
n9 0
t 0

title3 'Arcs for Facility Location';
data arcdi;

input -from- $ -to- $ -cost- _capac_ -name- $;
cards;

nI nlO 20 1 x1i0
nl nil 22 1 xiii

1l n12 24 1 x112
nl n13 21 1 x113
n2 nlO 23 1 x210
n2 nil 19 1 x2ii
n2 n12 28 1 x212
n2 n13 22 1 x213
n3 ni0 27 1 x310
n3 nil 23 1 x3ii
n3 n12 21 1 x312
n3 n13 25 1 x313
n4 n14 21 1 x414
u4 n1S 27 1 x415
n4 n16 25 1 x416
n4 n17 21 1 x417
nS ni4 21 1 x514
uS niS 23 1 x515
nS n16 23 1 x516
nS n17 23 1 x617
n6 n14 19 1 x614
n6 niS 28 1 x615
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n6 uIS 26 1 x616
n6 n17 26 1 x617
n7 n18 28 1 x718
n7 n19 24 1 x719
n7 n20 23 1 x720
n7 n21 22 1 x721
n8 n18 24 1 x818
n8 n19 23 1 x819
n8 n20 23 1 x820
n8 n21 19 1 x821
n9 n18 26 1 x918
n9 n19 22 1 x919
n9 n20 22 1 x920
n9 n21 19 1 x921
nlO t 0 1 xlOt
nll t 0 1 x1lt

n12 t 0 1 xl2t
n13 t 0 1 xl3t
n14 t 0 1 xl4t
n1i t 0 1 xlst
n6 t 0 1 xl6t
n7 t 0 1 xl7t
n8 t 0 1 x18t
n9 t 0 1 x19t
n20 t 0 1 x20t
n2l t 0 1 x2lt
t nl 0 xtl
t n2 0 xt2
t n3 0 xt3
t n4 0 xt4
t n5 0 xtS

t n6 0 xt6
t n7 0 xt7
t n8 0 xt8

t n9 0 xt9

title3 'Side constraints';
data condl;

input
xzlO xlll x112 x113 x210 x211 x212 x213 x310 x311 x312 x313 x414 x415 x416
x417 x514 x515 x516 x517 x614 x615 x616 x617 x718 x719 x720 x721 x818 x819

x820 x821 x918 x919 x920 x921 xtl xt2 xt3 xtd xt5 xt6 xt7 xt8 xt9
-type- $ _rhs.;
cards;

S. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . I. .. . -1 . . .. . . .. ... eq 0S. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . .. . -1 . . . ..... 1 . . eqo

S.... . ... ..... ........ ........ .... . ............... ............. . .... eqO
S. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . -1. . .. . . . .1 . eq 0

. .. . ... . . . . ... . .. ... ..- 1 . 1 . . . Ieq 0
. .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . -. . .... ... . eq 0
-1 . . .. . . .1 ,................................. 

. ........... ..................... eq 0
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-. .1.1.1.........1... 1 .................... eq 0
- .. . . . . . . . .. . I . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . eq 0
- . . . . . . . . . . . . . . . . . . . . . .. . I . . . . . . . . . . . . . . . . . . . eq 0

. .. . . . . . . . . . I . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . eq 0

. -1 . . . . . . . . . . . . . . . . . . . . . . . I .1.. . . . . . . . . . . . . . . eq 0

S . -1 . .. . .. . ... 1 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . eq 0

. . -1 .... . ........ .... .. .......... .... ... 1 . ........ . . . ............... eq 0

S.-1 .. .... . . ......... 1. .......... .......... . .. .......................... eq 0
-1............ ........ ........ ........ .... . 1. ................... ...... ........ eq 0

S... . - . . .... .... .. .. . ... ...... .............. . ................... ....... .. eq 0
........ -1 .......... ........ ........ ........ . .................... . ........... eq 0

S.. .. . -1 . ........ . .. ..... .. 1 . ... .. .............. . .................. ....... eq 0

. -1. ................ .............................. 1 . .... . . . ............ eq 0
S... . .. -1 ....... .. .. ...... ... 1 ...... ................ .................. ....... eq 0

S..-1 .. ..... ........ ......... ........... .... ....... 1 ...... . . ........... eq 0
S... . .... -1 .... ...... . .......... 1 . .. .............. . .. . .............. ....... eq 0

.- 1 .. ........ ........ .. ... .................... 1. .. . . ........... eq 0
S.. ....... . .. .... .... .... ............. 1 . ............ .. . .................... ... eq 0

.............. -. .. ..... ........ ........ ........ .......... .... ......... ... ...... ... eq 0
S... . .... . -1 . ........ . . ....... .. 1 . .............. . . . . ................... eq 0

.. -1. ... ...... ........ ...... . ...................... 1. .. .... . ......... .. eq 0
. -1.. .. ........ .. .... .... ... I. .. .................... . . ................... eqO

. ... .... ........ .. ....................... 1 ......... eq 0

proc netflow

nodedata=noded

arcdata=arcdl

condata=condl

conout=solution

tax

sourcenode=s

sinknode=t

namectrl=i;

proc print data=solution;
su _fcost_;
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M.2 Solution

OBS -FROM- -TO- -COST- -CAPAC. _LO_ _klANE_ -SUPPLY- _DERANID_ -FLOW- _FCOST_ _RCOST_ _A3UINB_ _TV NB STATUS-

I t at 0 99999999 0 IT1 0 0 1 22 IEYARC BASIC

2 a1 RlO 20 1 0 X110 0 0 -3 2 1 LOWERBD NONBASIC

3 a2 nlO 23 1 0 1210 0 0 -1 3 6 LOWEABD NOMBASIC

4 n3 nlO 27 1 0 1310 1 27 4 7 KEY-ARC BASIC

S nI nll 22 1 0 X111 0 0 5 1 UOIKEY ARC BASIC

6 n2 Ull 19 1 0 1211 0 0 -2 6 6 LOVEMBD NOVBASIC

7 n3 nll 23 1 0 X311 1 23 7 7 KEYAKC BASIC

8 al a12 24 1 0 X112 0 0 8 1 NOREY ARC BASIC

9 n2 a12 28 1 0 1212 1 28 9 6 KEY-ARC BASIC

10 n3 n12 21 1 0 X312 0 0 -2 10 7 LOVERBD NONBASIC

11 n1 a13 21 1 0 X113 0 0 0 11 1 LOVERBD NONBASIC

12 a2 n13 22 1 0 1213 0 0 12 6 NONKEY ARC BASIC

13 n3 n13 25 1 0 X313 1 25 13 7 KEY-ARC BASIC

14 n4 n14 21 1 0 1414 0 0 17 8 KEY-ARC BASIC

15 US n14 21 1 0 1514 0 0 -1 18 13 LOWERBD NONBASIC

16 a6 n14 19 1 0 1614 1 19 19 14 DONKEY ARC BASIC

17 n4 n15 27 1 0 1415 0 0 0 20 8 LOWERBD NONBASIC

18 us nlS 23 1 0 I515 0 0 -6 21 13 LOIERBD NONBASIC

19 m6 n15 28 1 0 X615 1 28 22 14 KEY-ARC BASIC

20 n4 n16 25 1 0 1416 0 0 23 8 NORKEY ARC BASIC

21 n5 n16 23 1 0 X516 1 23 2 24 13 UPPEIBD NOIBASIC

22 n6 n16 26 1 0 1616 0 0 25 14 KEY-ARC BASIC

23 a4 n17 21 1 0 X417 0 0 -6 26 8 LOVERBD NONBASIC

24 n5 n17 23 1 0 1517 0 0 -6 27 13 LOVERBD NONBASIC

25 n6 U17 26 1 0 1617 1 26 28 14 KETAIRC BASIC

26 n7 n18 28 1 0 1718 0 0 32 15 XEY_ARC BASIC

27 n8 R18 24 1 0 1818 0 0 -2 33 20 LOVERBD NOGBASIC

28 n9 RIB 26 1 0 1918 1 26 34 21 NOIEY ARC BASIC

29 n7 n19 24 1 0 1 719 0 0 35 IS KEY._AC BASIC

30 n8 n19 23 1 0 1819 0 0 36 20 NONKEY ARC BASIC

31 n9 U19 22 1 0 X919 1 22 37 21 NOIIEY ARC BASIC

32 t n2 0 99999999 0 IT2 1 0 14 22 KEY-ARC BASIC

33 37 n20 23 1 0 1720 0 0 38 15 KEY-ARC BASIC

34 a8 a20 23 1 0 1820 1 23 39 20 KEY-ARC BASIC

35 n9 n20 22 1 0 1920 0 0 -1 40 21 LOVERBD NONBASIC

36 n7 n21 22 1 0 1721 0 0 41 15 KEY-ARC BASIC

37 u8 n21 19 1 0 1821 0 0 42 20 NONKEY ARC BASIC

38 n9 n21 19 1 0 X921 1 19 43 21 NONKEY ARC BASIC

39 t n3 0 99999999 0 1T3 3 0 15 22 KEY-ARC BASIC

40 t n4 0 99999999 0 1T4 0 0 16 22 KEY-_ARC BASIC

41 t nS 0 99999999 0 ITS 1 0 29 22 KEY_ARC BASIC

42 t n6 0 99999999 0 1T6 3 0 30 22 KETARC BASIC

43 t n7 0 99999999 0 IT7 0 0 31 22 KEY-ARC BASIC

44 t R8 0 99999999 0 IT8 1 0 44 22 NONKEY ARC BASIC

45 t n9 0 99999999 0 1T9 3 0 45 22 UONFET ARC BASIC

46 n1O t 0 1 0 1OT D 1 0 2 46 2 UPPERBD IONBASIC

47 all t 0 1 0 1i1t D 1 0 47 3 IOIKEY AIRC BASIC

48 n12 t 0 1 0 112T D 1 0 68 48 4 UPPERBD NONBASIC

49 n13 t 0 1 0 X13T D 1 0 49 5 NONKEY ARC BASIC

50 n14 t 0 1 0 114T D 1 0 63 50 9 UPPERBD NONBASIC

S1 n1i t 0 1 0 115T D 1 0 70 Si 10 UPPERBD NOBASIC

52 n16 t 0 1 0 116T D 1 0 52 11 NONKEY ARC BASIC

53 n17 t 0 1 0 117T D 1 0 70 53 12 UPPERBD NOIBASIC

54 n18 t 0 1 0 I18T D 1 0 7 54 16 UPPERBD SONBASIC

55 n19 t 0 1 0 119T D 1 0 3 55 17 UPPERBD NONBASIC

56 n20 t 0 1 0 120T D 1 0 4 56 18 UPPERBD IONBASIC

57 n21 t 0 1 0 121T D 1 0 57 19 NONFEY ARC BASIC
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Appendix N. NWSC Multi-Commodity Flow Formulation 2 Reduced

N. 1 Formulation

options linesize=120;
options pagesize=66;
title 'Facility Location - run 9a';
title3 'Nodes for Facility Location';

data noded;
input _node_ $ _sd_;
cards;

ni 0
n2 0
n3 0
n4 0
n5 0
n6 0
n7 0
n8 0
n9 0
t o

title3 'Arcs for Facility Location';
data arcdl;

input -from- $ -to- $ _cost- _capac_ -name- $;
cards;

n1 nlO 20 1 xllO
nl nil 22 1 x111
nl n12 24 1 x112
n1 n13 21 1 x113
n2 nhO 23 1 x210
n2 nil 19 1 x211
n2 n12 28 1 x212
n2 n13 22 1 x213
n3 n10 27 1 x310
n3 nil 23 1 x311
n3 n12 21 1 x312
n3 n13 25 1 x313
n4 n14 21 1 x414
n4 niS 27 1 x415
n4 n16 25 1 x416
n4 n17 21 1 x417
nS n14 21 1 x514
nS nIS 23 1 x515
nS n16 23 1 x516
nS n17 23 1 x517
n6 n14 19 1 x614
n6 n1S 28 1 x615
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n6 n16 26 1 x616
a6 n17 26 1 x617
n7 n18 28 1 x718
n7 n19 24 1 x719
n7 n20 23 1 x720
n7 n21 22 1 x721
n8 n18 24 1 x818
n8 n19 23 1 x819
n8 n20 23 1 x820
n8 n21 19 1 x821
n9 n18 26 1 x918
n9 n19 22 1 x919
n9 n20 22 1 x920
n9 n21 19 1 x921
nlO t 0 1 x1Ot
nult 0 1 x11t

m12 t 0 1 xl2t
n13 t 0 1 xl3t
n14 t 0 1 xl4t
n15 t 0 1 xist
n16 t 0 1 x16t
n17 t 0 1 xl7t
n18 t 0 1 xl8t
n9 t 0 1 x19t
n20 t 0 1 x20t
n2l t 0 1 x2lt
t nl 0 xtl

t n2 0 xt2
t n3 0 xt3
t n4 0 xt4
t n5 0 xts

t n6 0 xt6
t n7 0 xt7

t n8 0 xt8

t n9 0 xt9

title3 'Side constraints';

data condl;
input
x110 xl1 x112 x113 x210 x211 x212 x213 x310 x311 x312 x313 x414 x415 x416
x417 x514 x5IS x516 x517 x614 x615 x616 x617 x718 x719 x720 x721 x818 x819
x820 x821 x918 x919 x920 x921 xtl xt2 xt3 xt4 xtS xt6 xt7 xt8 xt9
-type- $ _rhs_;
cards;

S. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . -1 .. 1. . . . . . eq 0
................. ............. .............. . ............... ............ ... . . eq 0
................. ............. .............. . ............... ............. . .... eq 0

S. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. .- 1 . . .. . . . . 1 . eq 0
S.............. ............. ............ .. .............. .............. .. ... eq 0

. . . . ... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ... . . . . . . . eq O
-... ............... I ... .... ........ ........ ................................ ... eq 0
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-. .1.1.1.1.1........1... 1 .......... eq 0
- .. . . . . . . . .. . I . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . eq 0

- .. . . . . . . . . . . . . . . . . . . . .. . I . . . . . . . . . . . . . . . . . . . eq 0

.- .. . . . . . . . . . . I . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . eq 0

.- .. . . . . . . . . . . . . . . . . . . . . . . I . . . . . . . . . . . . . . . . . . eq O0

. .-. . . . . . . . .. . I . . . . . . . . . . . . . . . . . . . . . . . . . . . . . eq 0

. .-1 . . . . . . . . . . . . . . . . . . . .. . 1 . . . . . . . . . . . . . . . . . eq 0

.. .. - ... . . . . . .. I 1 . . . . . . . . . . . . . . . . . . . . . . . . . . . . eq 0

.. .. - ... . . . . . . . . . . . . . . . . . . . I . . . . . . . . . . . . . . . . eq 0

... . -1 . . .. I . . .. . . I . . . . . . . . . . . . . . . . . . . . . . . . . . . eq 0

. .. -1 .. . . . . . . . . . . . . . . . . . . .. . .. . . . . . . . . . . . .. . eq 0

. . .. . . -1 . . . . . . . . . 1 . . . . . . . . . . . . . . . . . . . . . . . .. . eq 0

. . .. . . -. . . . . . . . . . . . . . . . . . .. .. 1 . . . . ... eq 0

.. . . . .. -. . . . . . . . . . . . I . . . . . . . . . . . . . ... eq 0

. . .. . . . -. . . . . . . . . . . . . . ... . .. . . . . . . . . . . .. . .. eq 0

proc netflow
nodedata=noded
arcdata=arcdi
condata=condl
conout=solution

$Our•cenode=s

sinknode=t

namectrl=l;

proc print data=solution;
sun -toost_;

N-3



N.2 Solution

OBS -FROM- -TO- -COST- _CAPAC_ _LO_ _lNAE_ -SUPPLY- _DENAID_ _FLOV_ _FCOST_ _RCOST_ _.aMB._ -TiUmB- -STATUS-

1 It nl 0 99999999 0 T11 0 0 1 22 KETARC BASIC
2 at nlO 20 1 0 1110 0 0 -3 2 1 LOVERBD NONBASIC
3 n2 nlO 23 1 0 1210 0 0 -1 3 6 LOVEREBD NOBASIC
4 n3 nlO 27 1 0 1310 1 27 4 7 1E¥_AIC BASIC
5 an nll 22 1 0 1111 0 0 5 1 UOIKEY ARC BASIC
6 n2 nll 19 1 0 1211 0 0 -2 6 6 LOVERBD NONBASIC
7 n3 nll 23 1 0 1311 1 23 7 7 IEY-ARC BASIC
8 n n12 24 1 0 1112 0 0 8 1 IOIKEY ARC BASIC
9 n2 n12 28 1 0 1212 1 28 9 6 KEYARC BASIC

10 n3 n12 21 1 0 1312 0 0 -2 10 7 LOWERBD NONBASIC
11 na n13 21 1 0 1113 0 0 0 11 1 LOVERBD NOUBASIC
12 n2 n13 22 1 0 1213 0 0 12 6 NONKEY ARC BASIC
13 n3 n13 25 1 0 1313 1 25 13 7 KEY-ARC BASIC
14 n4 n14 21 1 0 1414 0 0 17 8 REYARC BASIC
15 nS n14 21 1 0 1514 0 0 -1 18 13 LOVERBD 1O1BASIC
16 n6 n14 19 1 0 1614 1 19 19 14 ONiKEY ARC BASIC
17 n4 niS 27 1 0 1415 0 0 0 20 8 LOVERBD NONBASIC
18 ns n1s 23 1 0 1515 0 0 -6 21 13 LOVERBD NOEBASIC
19 n6 nIS 28 1 0 1615 1 28 22 14 IEYARC BASIC
20 n4 n16 25 1 0 1416 0 0 23 8 NOIINEYARC BASIC
21 n5 n16 23 1 0 1516 1 23 2 24 13 UPPERBD NONBASIC
22 n6 n16 26 1 0 1616 0 0 2S 14 KE-ARC BASIC
23 n4 n17 21 1 0 1417 0 0 -6 26 8 LOVERBD NOUBASIC
24 n5 n17 23 1 0 1517 0 0 -6 27 13 LOWERBD NONBASIC
25 n6 nM7 26 1 0 1617 1 26 28 14 KEY-ARC BASIC
26 n7 n18 28 1 0 1718 0 0 32 15 IEY_LARC BASIC
27 n8 nal 24 1 0 X818 0 0 -2 33 20 LOWERBD NOEBASIC
28 n9 nM8 26 1 0 1918 1 26 34 21 1O0IIEY ARC BASIC
29 n7 n19 24 1 0 1719 0 0 35 15 KEY-ARC BASIC
30 n8 n19 23 1 0 X819 0 0 36 20 NORKEY ARC BASIC
31 n9 n19 22 1 0 1919 1 22 37 21 NONIEY ARC BASIC
32 t n2 0 99999999 0 XT2 1 0 14 22 KEY-ARC BASIC
33 n7 n20 23 1 0 1720 0 0 38 15 KEY-ARC BASIC
34 n8 n20 23 1 0 1820 1 23 39 20 KEY-ARC BASIC
35 n9 n20 22 1 0 1920 0 0 -1 40 21 LOWERBD NOIBASIC
36 n7 n21 22 1 0 1721 0 0 41 15 KEY-ARC BASIC
37 n8 n21 19 1 0 1821 0 0 42 20 NONREY ARC BASIC
38 n9 n21 19 1 0 1921 1 19 43 21 NONKEY ARC BASIC
39 t n3 0 99999999 0 1T3 3 0 15 22 KEY-.ARC BASIC
40 t n4 0 99999999 0 1T4 0 0 16 22 KEY-ARC BASIC
41 t aS 0 9999999 0 TS 1 0 29 22 IEY-ARC BASIC
42 t n6 0 99999999 0 1T6 3 0 30 22 KEY-ARC BASIC
43 t n7 0 99999999 0 1T7 0 0 31 22 ZEYARC BASIC
44 t n8 0 99999999 0 1T8 1 0 44 22 NONKEY ARC BASIC
45 t n9 0 99999999 0 1T9 3 0 45 22 NONKEY ARC BASIC
46 nO t 0 1 0 X1OT D 1 0 2 46 2 UPPERBD UONBASIC
47 nll t 0 1 0 111T D 1 0 47 3 IONiEY ARC BASIC
48 n12 t 0 1 0 112T D 1 0 68 48 4 UPPERBD NONBASIC
49 n13 t 0 1 0 113T D 1 0 49 5 UODKEY ARC BASIC
50 n14 t 0 1 0 X14T D 1 0 63 so 9 UPPERBD NOUBASIC
51 InS t 0 1 0 115T D 1 0 70 51 10 UPPERBD NOUBASIC
52 n16 t 0 1 0 116T D 1 0 52 11 NONKEY ARC BASIC
53 n17 t 0 1 0 117T D 1 0 70 53 12 UPPERBD UOUBASIC
54 n18 t 0 1 0 X18T D 1 0 7 54 16 UPPERBD NORBASIC
55 n19 t 0 1 0 119T D 1 0 3 55 17 UPPERBD NONBASIC
566n20 t 0 1 0 X20T D 1 0 4 56 18 UPPERBD UOUBASIC
57 n21 t 0 1 0 121T D 1 0 57 19 NONNEY ARC BASIC
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Appendix 0. NWSC Multi-Commodity Flow Formulation 3

0.1 Formulation

options linesize=120;
options pagesizo=66;
title 'Facility Location - run 10';
title3 'lodes for Facility Location';

data noded;
input -node_ $ _sd-;
cards;

s 0
n4 0
nS 0
n6 0
n7 0
n8 0
n9 0
t 0

title3 'Arcs for Facility Location';
data arcdl;

input -from- $ -to- $ -cost- _capac_ -name- $;
cards;

"s nI 0 4 xsl
"s n2 0 4 xs2
"s n3 0 4 xs3
nl nlO 20 1 x110
nl nil 22 1 xiii
nl n12 24 1 x112
nl n13 21 1 x113

n2 nlO 23 1 x210
n2 nil 19 1 x21i
n2 n12 26 1 x212
n2 n13 22 1 x213
n3 nlO 27 1 x310
n3 nil 23 1 x31l
n3 n12 21 1 x312
n3 n13 25 1 x313
n4 n14 21 1 x414
n4 ni5 27 1 x415
n4 n16 25 1 x416
n4 n17 21 1 x417
nS n14 21 1 x514
nS n1S 23 1 x515
nS n16 23 1 x516

nS n17 23 1 x517

n6 n14 19 1 x614
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n6 n15 28 1 x615

n6 n16 26 1 x616
n6 n17 26 1 x617
n7 n18 28 1 x718
n7 n19 24 1 x719
n7 n20 23 1 x720
n7 n21 22 1 x721
n8 n18 24 1 x818
n8 n19 23 1 x819
n8 n20 23 1 x820
n8 n21 19 1 x821
n9 n18 26 1 x918
n9 n19 22 1 x919
n9 n20 22 1 x920
n9 n21 19 1 x921
niO t 0 1 xlOt

nil t 0 1 xrlt
n12 t 0 1 xl2t
n3 t 0 1 x13t
n4 t 0 1 xl4t
nis t 0 1 xlSt
n16 t 0 1 x16t
nl7 t 0 1 x17t
n18 t 0 1 x18t
n19 t 0 1 X19t
n20 t 0 1 x20t
n2l t 0 1 x2lt

t a 0 xts

t n4 0 xt4
t ns 0 xts

t n6 0 xt6

t n7 0 xt7

t n8 0 xt8
t n9 0 xt9

title3 'Side constraints';
data condl;

input
x110 xilll x112 x113 x210 x211 x212 x213 x310 x311 x312 x313 x414 x415 x416

x417 x514 xSIS x516 x517 x614 x615 x616 x617 x718 x719 x720 x721 x818 x819
x820 x821 x918 x919 x920 x921 xts xsl xs2 xs3 xt4 xt5 xt6 xt7 xt8 xt9
-type- $ _rhs_;
cards;

4 . . . ....... . . . ......................... ......... le 0
4 .4 . . . . 4 .... ...... .. ... . ........... ............ .. ........ le 0

4 4 . . . 4 ..... ................ ........................ -1 . . ........ le 0
.4 .... 4 .4 ........ ....... ... ......................... -1 ........... 0
.4 4 ....... 4 ....................... ........................ -1.......... leO
.4 4. . . . 4 .4....... ....... ... ......................... -1 ......... le 0

..................... ..................................... ..... eq 0
S.............. .... ........ .... .. .... . .. .. .......... .... ............ . ... 1 .. qO
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-.1.. . . . . . . . . . . . . . . . . . . . . . . . . ..1. . . .. .. . . 1 . . . . eq 0
-. -.. . . . . . . . . . . . . . . . . . . . . . . . . . .. . . 1 . eq 0

.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. -1 . . 1 . . . eq 0
.. . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . -1 . .. 1 eq 0

-1 . . . . . . . . . . 1 . . . . . . . . . . . . I. . . . . . . . . . . . . . . . . . .. . eq 0
-1 .. . . . . . . . . . . . . . . . . .. . .. . . . . . . . . . . . . . . . . . .. . eq 0

-1 . .. . . . . .. . I . . . . . . . . .. .. . . . . . . . . . . . . . . . . .. . eq 0
-. . . . . . . . . . . . . . . .. . . .. .. . . . . . . . . . . . . . . . . .. . eq 0

. .. .. . . . . . . . I .1.. .1.. . ... . . . . . . . . . . . . . . . . .. . eq 0

. -1 .. . . . . . . . . . . . .. . .. 1. . . . . . . . . . . . . . . . . . . .. eq 0

. . -. . . . . . .. . 1 . ... . . . . . . . . . . . . . . . . . . eq 0

. . -. . . . . . . . . . . . . . . . . . .. . 1 . . . . . . . . . . . . . . . . . . eq 0
S. -1... ......... 1 . .. ........ ............ . . ............................ eq 0
S.....- ... . ... . .... .... .I. . 1 ... .... . . . . ...... eq 0

. .. . -. . . . . . . . .. . I . . . . . . . . . . . . . . . . . . . . . . . . . . . . eq 0
. .. . -. . ... . . . . . . . . . . . . . . . .. . I . . . . . . . . . . . . . . . . eq 0

. . . . . . . -1 . . . . . . . . . . . I . . . . . . . . . . . . . . . . . . . . . . . . . . . eq 0

.. . . . . . -1 . . . . . . . . . . . . . . . . . . . . . . . 1 . . . . . . . . - . . . .. . . eq 0

.. . . . .. . -1 . . . . . . . . .. . 1 . . . . . . . . . . . . . . . . . . . . . . . . . . eq 0

.. . . . .. . -1 . . . . . . .. I. . . . . . . . . . . . .. . .. . . . . . . . . . . .. . eq 0

.. . . . . .. . -1 . . . . . . . . .. . I . . . . . . . . .. . . . . . . . . . . . .. . . eq 0

. . . . . . .. . -1 . . . . . . . . . . . . . . . . . . . . .. . I . . . . . . . . . . . . . eq O0

.. . . . . .. . -1 . . . . . . . . .. . 1 . . . . . . . . . . . . . . . . . . . . . . . . eq 0

.. . . . . .. . -1 . . . . . . . . . . . . . . . . . . . .. . I . . . . . . . . . . . . eq 0

.. . . . .. . . -. . . . . . . . . . . . 1 . . . . . . . . . . . . . . . . . . . . . . . eq O0

.. . . . .. . . -1 . . . . . . . . . . . . . . . . . . . . . . . 1 . . . . . . . . . . . eq O0

.. . . . . .. . . - .. . . . . . . . .. . 1 . . . . . . . . . . . . . . . . . . . . . . eq O0
. .. .. . . .. .. .. .... .... . ... ..... .... ........... .......... eq 0

proc netflow
nodedata=noded
arcdata=arcdl
condata=condl
conout=solution
max

sourcenode=s
siLnknode~t
namectrl=l;

proc print data=solution;
sun _fcost_;
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0.2 Solution

OBS -FROM. -TO- -COST- _CAPAC_ _LO_ .DIAE. -SUPPLY- _DENAND_ _FLOV_ _FCOST_ _RCOST_ _AmmJB_ _TUIIBB_ -STATUS-

I s R1 0 4 0 ISI 0 0 2 1 KEY-ARC BASIC
2 nl RIO 20 1 0 1110 0 0 5 2 NONKEY ARC BASIC
3 n2 10 23 1 0 X210 0 0 6 3 XONKEY ARC BASIC
4 a3 nlO 27 1 0 1310 1 27 7 4 KEY-ARC BASIC
5 nl nil 22 1 0 111 0 0 8 2 NONKEY ARC BASIC
6 n2 nil 19 1 0 1211 0 0 9 3 ROUKEY ARC BASIC
7 n3 nil 23 1 0 1311 1 23 10 4 KEY-ARC BASIC
8 RI a12 24 1 0 1112 0 0 11 2 IORKEY ARC BASIC
9 a2 n12 26 1 0 1212 0 0 12 3 KEYkRC BASIC

10 n3 n12 21 1 0 X312 1 21 13 4 NORKEY ARC BASIC
11 al R13 21 1 0 1113 0 0 14 2 NORKEY ARC BASIC
12 n2 &13 22 1 0 1213 0 0 15 3 NONKEY ARC BASIC
13 m3 n13 2S 1 0 1313 1 25 16 4 KEY-ARC BASIC
14 n4 R14 21 1 0 1414 0 0 18 9 KEY-ARC BASIC
15 U5 n14 21 1 0 1514 0 0 -4.0 19 14 LOWERBD NOWBASIC
16 n6 x14 19 1 0 1614 1 19 3.0 20 15 UPPERBD NOIBASIC
17 n4 n15 27 1 0 1415 0 0 -2.0 21 9 LOWERBD NONBASIC
18 n5 *15 23 1 0 1515 0 0 -7.0 22 14 LOWERBD NOSBASIC
19 n6 R15 28 1 0 1615 1 28 23 15 KEY-ARC BASIC
20 &4 n16 25 1 0 1416 0 0 24 9 NOINEY ARC BASIC
21 n5 *16 23 1 0 1516 0 0 25 14 1ONIEY ARC BASIC
22 n6 n16 26 1 0 1616 1 26 26 15 KEY-ARC BASIC
23 R4 n17 21 1 0 1417 0 0 0.0 27 9 LOWERBD NONBASIC
24 n5 n17 23 1 0 1517 0 0 28 14 NONKEY ARC BASIC
25 a6 n17 26 1 0 1617 1 26 29 15 KEYIRC BASIC
26 n7 n18 28 1 0 1718 0 0 33 16 KEY-ARC BASIC
27 n8 *18 24 1 0 1818 0 0 34 21 ONIEY ARC BASIC
28 n9 n18 26 1 0 1918 1 26 35 22 DONKEY ARC BASIC
29 &7 *19 24 1 0 1719 0 0 36 16 IEYARC BASIC
30 n8 *19 23 1 0 1819 0 0 37 21 DONKEY ARC BASIC
31 n9 *19 22 1 0 1919 1 22 1.0 38 22 UPPERBD NOUBASIC
32 a n2 0 4 0 IS2 0 0 3 1 KEYARC BASIC
33 n7 a20 23 1 0 X720 0 0 39 16 KEY-ARC BASIC
34 *8 x20 23 1 0 1820 0 0 40 21 KEYARC BASIC
35 a9 &20 22 1 0 1920 1 22 41 22 NONKEY ARC BASIC
36 a7 n21 22 1 0 1721 0 0 42 16 KEY-ARC BASIC
37 n8 n21 19 1 0 1821 0 0 43 21 DONKEY ARC BASIC
38 a9 s21 19 1 0 1921 1 19 44 22 NONKEY ARC BASIC
39 s n3 0 4 0 XS3 4 0 4 1 KEYAIRC BASIC
40 t n4 0 99999999 0 1T4 0 0 17 23 KEY-ARC BASIC
41 t M5 0 99999999 0 IT5 0 0 30 23 KEY-ARC BASIC
42 t n6 0 99999999 0 1T6 4 0 31 23 KEY-ARC BASIC
43 t n7 0 9999999 0 1T7 0 0 32 23 NONKEY ARC BASIC
44 t *8 0 99999999 0 1T8 0 0 45 23 KEY-ARC BASIC
45 t n9 0 99999999 0 1T9 4 0 46 23 IOIKEY ARC BASIC
46 t s 0 99999999 0 ITS 4 0 1 23 KEY-ARC BASIC
47 n*O t 0 1 0 IOT D 1 0 47 5 MONKEY ARC BASIC
48 nll t 0 1 0 111T D 1 0 60.5 48 6 UPPERBD UONBASIC
49 n12 t 0 1 0 112T D 1 0 63.5 49 7 UPPERBD NOIBASIC
50 n13 t 0 1 0 113T D 1 0 65.5 50 8 UPPERBD NORBASIC
51 n14 t 0 1 0 114T D 1 0 70.5 51 10 UPPERBD BONBASIC
52 n15 t 0 1 0 115T D 1 0 11.0 52 11 UPPERBD DONBASIC
53 n18 t 0 1 0 116T D 1 0 4.0 53 12 UIPPERBD NOEBASIC
54 n17 t 0 1 0 117T D 1 0 54 13 NOIKEY ARC BASIC
55 n18 t 0 1 0 118T D 1 0 55 17 UONKEY ARC BASIC
56 *19 t 0 1 0 119T D 1 0 2.0 56 18 UPPERBD NOIBASIC
57 n20 t 0 1 0 X20T D 1 0 3.0 57 19 UPPERBD NONBASIC
58 n21 t 0 1 0 121T D 1 0 58 20 NOEKEY ARC BASIC
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Appendix P. NWSC Multi-Commodity Flow Formulation 3 Reduced

P.1 Formulation

options linesize=120;
options pagesize=66;

title 'Facility Location - run 11';
title3 'Nodes for Facility Location';

data noded;
input -node- $ -sd_;

cards;
s 0
n4 0
n5 0
n6 0
n7 0
n8 0
n9 0
t 0

title3 'Arcs for Facility Location';

data arcdl;
input -from- $ -to- $ -cost- _capac_ -name- $;

cards;
s ni 0 4 xsl
s n2 0 4 xs2

s n3 0 4 xs3
nl nlO 20 1 x110
nI nil 22 1 xlii

nI n12 24 1 x112

ni n13 21 1 x113
n2 nlO 23 1 x210

n2 n1l 19 1 x211
n2 n12 26 1 x212
n2 n13 22 1 x213
n3 nlO 27 1 x310
n3 nil 23 1 x311
n3 n12 21 1 x312
n3 n13 25 1 x313
n4 n14 21 1 x414
n4 niS 27 1 x415

n4 n16 25 1 x416
n4 n17 21 1 x417

nS n14 21 1 x514
nS niS 23 1 x515
ns n16 23 1 x516
nS n17 23 1 x517

n6 n14 19 1 x614
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n6 niS 28 1 x615

n6 n16 26 1 x616

n6 n17 26 1 x617

n7 n18 28 1 x718

07 n19 24 1 x719

n7 n20 22 1 x720

07 n21 22 1 x721

n8 n18 24 1 x818

n8 n19 23 1 x819
n8 n20 23 1 x820
n8 n21 19 1 x821
n9 n18 26 1 x918
n9 n19 22 1 x919
n9 n20 22 1 x920
n9 n21 19 1 x921
niO t 0 1 xiOt
nllt 0 1 xllt

n12 t 0 1 xi2t
n13 t 0 1 x13t
n4 t 0 1 xl4t

n1s t 0 1 xlSt

n16 t 0 1 xl6t

n17 t 0 1 xl7t

n18 t 0 1 xl8t
n19 t 0 1 x19t

n20 t 0 1 x20t
n2l t 0 1 x21t
t s 0 xts

t n4 0 xt4

t nS 0 xtS

t n6 0 xt6
t n7 0 xt7
t n8 0 xt8
t n9 0 xt9

title3 'Side constraints';
data condl;

input
x1lO xill x112 x113 x210 x2ii x212 x213 x310 x311 x312 x313 x414 x415 x416
x417 x514 x515 x516 x517 x614 x615 x616 x617 x718 x719 x720 x721 x818 x819
x820 x821 x918 x919 x920 x921 xts xsl xs2 xs3 xt4 xt5 xt6 xt7 xt8 xt9
-type- $ _rhs_;
cards;

444 . . .4 . . .. .. .. ... . ... . ... I. . . . . .. .. -. ....... .le 0
4 . . . . .. .... . . .... .. . . . . ... ......... ............ -1 ........... le 0

.4 . 4 .4 .... .... ... .. ........................ -1 .......... e 0
.4 .... 4 4 . .... .... .... .... ... ...... .... ............ - ......... le 0
.4 4... . . . 4 ....................... ........................ -1 . . . ...... ....... leO

. 4 4 .... .... 4 .... .... ... . .... .. ... ......... ............ - ......... le 0
S............... .. .......... .. ... ... . ... .. .......... .... ............ . .... eqO
S................ ...... .. ......... .... .... .... ............ . . .... I . . eq 0
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S. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . -1 . . I . . . . eq O
S. . . . . .. . .. .. .... . ... . ... . ... . . .. . .. .. .. -1 .. .. . eq 0

. . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. -1 . .I .I . . eq 0

. ... . . . ..... . . . . . . . . . . . . . . . . . . . . .. . -1 .. .. ... . eq 0

- .. . . . . . . . . . 1 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . eq 0
-1 .1.1.1.1.......1... 1 ..................... eq 0

-.. . . . . . . . . . I . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . eq O

-1. .......... ........ ................ ........ .. ...................... ....... . ........ eq 0

. - . . . . . . . . . . 1 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . eq 0

. - .. . . . . . . . . . . . . . . . . . . . . . I . . . . . . . . . . . . . . . . . . . eq 0
. . -. . . . . . . . . 1 . . . . . . . . . . . . . . . . . . . . . . e q 0

. . -..... ..... .... .. .......... .... ... 1 .............. . ................. eq 0

S.-1 ...... . . ......... 1. .......... ............ . . ............................ eq 0
S. -1 . ........ ........ .. . .. .................... 1 . ...... . . ................ eq 0

. .. ..... ........ . I.... ........................ ............................ eq 0

..... .- .......... ........ .............. .. . .................... ..... ........ eq 0
S.-1 .. . ...... ........ .. 1. . . ...... .................... .. ......................... eq 0
S.... . -1 . ........ ........ ........ ................ ...... 1 . ...... . . .............. eqO

S.-1 ......................... . .. I....... ................ .......................... eq 0

. -1. . .... . .... ..... ................ ....... I.............. eq 0

proc netflow
nodedata=noded

arcdata=arcdl

condata=condl

conout=solution

max
sourcenode=s
s inknode=t

namectrl=l;

proc print data=solution;

sum _jcost_;
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P.2 Solution

OBS -IFOM- -TO- -COST- _CAPAC_ -LO_ _IAUE_ -SUPPLY- _DERIABD -FLOW- _FCOST_ _RCOST_ _ANUNB_. -TVU=- -STATUS-

1 S nI 0 4 0 15 0 0 2 1 IEYARC BASIC
2 nI nlO 20 1 0 1110 0 0 -3.0 5 2 LOWERBD NOIBASIC
3 R2 RlO 23 1 0 1210 0 0 -6.5 6 3 LOWERED NONBASIC
4 n3 RIO 27 1 0 1310 1 27 7 4 KEY-ARC BASIC
5 al nil 22 1 0 1111 0 0 -3.5 8 2 LOWERBD NOIBASIC
6 n2 nil 19 1 0 1211 0 0 -6.0 9 3 LOWERED NONBASIC
7 n3 nil 23 1 0 1311 1 23 10 4 KEY-ARC BASIC
8anl n12 24 1 0 1112 0 0 11 2 IONKEY ARC BASIC
9 n2 n12 26 1 0 1212 0 0 12 3 IEY-ARC BASIC

10 &3 n12 21 1 0 X312 1 21 13 4 XONKEY ARC BASIC
11 tn n13 21 1 0 1113 0 0 14 2 NONKEY ARC BASIC
12 m2 n13 22 1 0 X213 0 0 15 3 KONIEY ARC BASIC
13 n3 n13 25 1 0 1313 1 25 16 4 KEY-ARC BASIC
14 n4 n14 21 1 0 1414 0 0 18 9 KEY-ARC BASIC
15 n5 n14 21 1 0 1514 0 0 19 14 IONKEY ARC BASIC
16 n6 n14 19 1 0 1614 1 19 20 15 NONKEY ARC BASIC
17 n4 niS 27 1 0 1415 0 0 21 9 EONKEY IRC BASIC
18 R5 ni1 23 1 0 1515 0 0 -2.0 22 14 LOWERED NOUBASIC
19 a6 n15 28 1 0 1615 1 28 23 15 KEY-ARC BASIC
20 n4 n16 25 1 0 1416 0 0 24 9 OIIEY ARC BASIC
21 n5 x16 23 1 0 X516 0 0 25 14 NOILEY ARC BASIC
22 a6 n16 26 1 0 1616 1 26 26 15 KEY-ARC BASIC
23 M4 xl1 21 1 0 1417 0 0 27 9 xOaiEY ARC BASIC
24 ns n17 23 1 0 X517 0 0 28 14 BOIKEY ARC BASIC
25 n6 x17 26 1 0 1617 1 26 29 15 KEYARC BASIC
26 n7 nI8 28 1 0 1718 0 0 33 16 IEY-ARC BASIC
27 n8 n18 24 1 0 1818 0 0 34 21 MORKEY ARC BASIC
28 a9 n18 26 1 0 1918 1 26 35 22 IONKEY ARC BASIC
29 n7 h19 24 1 0 1719 0 0 36 16 KEYARC BASIC
30 n8 n19 23 1 0 1819 0 0 37 21 IORKEY ARC BASIC
31 &9 n19 22 1 0 1919 1 '22 38 22 KEY-ARC BASIC
32 s n2 0 4 0 1S2 0 0 3 1 IEYARC BASIC
33 x7 n20 22 1 0 1720 0 0 39 16 NOUKET ARC BASIC
34 n8 n20 23 1 0 1820 0 0 40 21 KEY-ARC BASIC
35 n9 n20 22 1 0 1920 1 22 0.5 41 22 UPPERBD NOIBASIC
36 n7 n21 22 1 0 1721 0 0 42 16 KEY-ARC BASIC
37 n8 n21 19 1 0 1821 0 0 0.0 43 21 LOWERBD IOUBASIC
38 z9 n21 19 1 0 1921 1 19 44 22 jOInEY ARC BASIC
39 s n3 0 4 0 1S3 4 0 4 1 KEY.ARC BASIC
40 t n4 0 99999999 0 XT4 0 0 17 23 KEY-ARC BASIC
41 t n5 0 99999999 0 ITS 0 0 30 23 KEYARC BASIC
42 t R6 0 99999999 0 1T6 4 0 31 23 KEY-ARC BASIC
43 t n7 0 99999999 0 IT? 0 0 32 23 KEY.ARC BASIC
44 t n8 0 99999999 0 1T8 0 0 45 23 KEY-ARC BASIC
45 t n9 0 99999999 0 1T9 4 0 46 23 NOEKEY ARC BASIC
46 t 8 0 99999999 0 ITS 4 0 1 23 KEY-ARC BASIC
47 nMO t 0 1 0 XlOT D 1 0 8.0 47 5 UPPERBD NONBASIC
48 nil t 0 1 0 i11T D 1 0 4.0 48 6 UPPERBD NOUBASIC
49 n12 t 0 1 0 112T D 1 0 2.0 49 7 UPPERBD NONBASIC
50 n13 t 0 1 0 113T D 1 0 50 8 NONKEY ARC BASIC
51 n14 t 0 1 0 114T D 1 0 51 10 IOUKEY ARC BASIC
52 n15 t 0 1 0 XIST D 1 0 9.0 52 11 UPPERBD UOUBASIC
53 n16 t 0 1 0 116T D 1 0 7.0 53 12 UPPERBD NOIBASIC
54 n17 t 0 1 0 117T D 1 0 7.0 54 13 UPPERED NOIBASIC
55 n18 t 0 1 0 118T D 1 0 65.5 55 17 UPPERBD IOUBASIC
66 n19 t 0 1 0 119T D 1 0 61.5 56 18 UPPERBD 1OUBASIC
57 n20 t 0 1 0 X20T D 1 0 61.0 57 19 UPPERBD NOUBASIC
58 n21 t 0 1 0 121T D 1 0 58.5 58 20 UPPERBD IO|BASIC
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Appendix Q. NWSC Multi-Commodity Flow Formulation 3 Reduced Further

Q.1 Formulation

options linesize=120;
options pagesize=66;
title 'Facility Location - run 12';
title3 'Nodes for Facility Location';

data noded;
input -node- $ _sd_;
cards;

s 0
n4 0
ns 0
n6 0
n7 0

n8 0
n9 0
t 0

title3 'Arcs for Facility Location';
data arcdl;

input -from- $ -to- $ -cost- _capac_ -name- $;
cards;

s nl 0 4 xsl
s n2 0 4 xs2
s n3 0 4 xs3
n1 nlO 20 1 xlO
nl nil 22 1 xlll
nl n12 24 1 x112
nI n13 21 1 x113
n2 nlO 23 1 x210
n2 nil 19 1 x211
n2 n12 28 1 x212
n2 n13 22 1 x213
n3 nlO 27 1 x310
n3 nil 23 1 x311
n3 n12 21 1 x312
n3 n13 25 1 x313
n4 n14 21 1 x414
n4 nIS 27 1 x415
n4 n16 25 1 x416
n4 n17 21 1 x417
n5 ni4 21 1 x514

n5 niB 23 1 x515
ng n16 23 1 x516
nS n17 23 1 x51T
n6 n14 19 1 x614
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n6 alS 28 1 x615
n6 n16 26 1 x616
n6 nlT 26 1 x617
0 n18 28 1 x718
n7 xL19 24 1 x719
0 n20 23 1 x720
n7 n2l 22 1 x721
n8 n18 24 1 x818
n8 nlg 23 1 x819
n8 n20 23 1 x820
n8 n2l 19 1 x821
n9 n18 26 1 x918

ng n19 22 1 x919
n9 n20 22 1 x920
n9 n2l 19 1 x921
MO t 0 1 X10t
n1l t 0 1 X11t
n12 t 0 1 xl2t

M3 t 0 1 xl3t
M4 t 0 1 xl4t
nIS t 0 1 x1st
n16 t 0 1 xl6t
M7 t 0 1 xl7t
n18 t 0 1 X18t
nig t 0 1 X19t

n20 t 0 1 x20t
n2l t 0 1 x2lt

t s 0 Xts
t n4 0 xt4
t nS 0 xtS
t n6 0 xt6
t n7 0 xt7
t n8 0 xt8
t ng 0 Xt9

title3 'Side constraints';
data condl;

input
x110 xill x112 x113 x210 x2ll x212 x213 x310 x3ll x312 x313 x414 x416 x416
x417 x614 x615 x516 x517 x614 x616 x616 x617 x718 x719 x720 x721 x8lo x819
x820 x821 x918 x919 x920 x921 xts xsl xs2 xs3 xt4 xtS xt6 xt7 xt8 xt9

-type- $ -rhs-;
cards;

4 . . . 4 4 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . eq 0
4 . . . 4 4 . . . . . . I . . . . . . . . . . . . . . . . . eq 0

4 4 4 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . le 0
4 . 4 4 . . . . . . . . . . . . . . . . . . . . . . . . . le 0
4 4 . . . . 4 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . le 0
. 4 4 . . . . . . 4 . . . . . . . . . . . . . . . . . . . . . . . . le 0

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . eq 0

. . . . . . . . . . . . . . . . . I eq 0
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-.1.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . .1 . . . .1q 0
S. -.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . -1 .. . 1 . eq 0
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . -1 . . 1 . . . eq 0

* *.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. - 1 . . . . . I e q 0
- .. . . . . . . . . . 1 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . eq 0

.1 ........... ........................ ........ . .... ................... ..... . .. . ......... eq 0
.. . . . . . .. . I . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . eq 0
-1 .. . . . . . . . . . . . . . . . . . .. . 1 . . . . . . . . . . . . . . . . . . . . eq O
. -1 . .. . . . . . . . 1 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . eq 0
. -. . .... ........ ................ .... I.. .. ......... .... .... .. . ... .. ........ ... eq 0
. .-1 . . . . . . . .. . I . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . eq 0
. .-1 . . . . . . . . . . . . . . . . . . . .. . .. . . . . . . . . . . . . . . .. . eq 0

proc nettlow
nodedata=noded
arcdata=arcdl
condata=condl
conout=solution
max
sourcenode=s
sinknode=t

namectrl=l;

proc print data=solution;
sum ~fcost_;
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Q.2 Solution
OBS -FROM- -TO- -COST- _CAPAC_ _LO_ -RARE- -SUPPLY- _DENAND_ _FLOV_ _FCOST_ _RCOST_ _ANUNB_ _TTNWB_ _STATUS_

1 S nl 0 4 0 ISI 0.00000 0.000 2 1 KEY-ARC BASIC
2 n1 nlO 20 1 0 1110 0.00000 0.000 5 2 DONKEY ARC BASIC
3 n2 nlO 23 1 0 1210 0.00000 0.000 -4.0000 6 3 LOWERBD NOEBASIC
4 n3 nlO 27 1 0 1310 1.00000 27.000 7 4 KEY-ARC BASIC
5 nl nil 22 1 0 1111 0.00000 0.000 -4.0000 8 2 LOWERBD NOIBASIC
6 n2 nil 19 1 0 1211 0.33333 6.333 9 3 DONKEY ARC BASIC
7 n3 nil 23 1 0 1311 0.66667 15.333 10 4 KEY-ARC BASIC
8 na n12 24 1 0 X112 0.00000 0.000 11 2 gONgEY ARC BASIC
9 n2 M12 28 1 0 1212 0.33333 9.333 12 3 KEY-ARC BASIC

10 n3 n12 21 1 0 X312 0.66667 14.000 13 4 DONKEY ARC BASIC
11 ni n13 21 1 0 X113 0.00000 0.000 14 2 DONKEY ARC BASIC
12 n2 n13 22 1 0 X213 0.33333 7.333 15 3 DONKEY ARC BASIC
13 n3 M13 25 1 0 1313 0.66667 16.667 16 4 KEY-ARC BASIC
14 n4 n14 21 1 0 X414 0.00000 0.000 18 9 KEY-ARC BASIC
15 n5 n14 21 1 0 X514 1.00000 21.000 1.0000 19 14 UPPERED DOUBASIC
16 n6 n14 19 1 0 X614 0.00000 0.000 -2.0000 20 15 LOWERBD NORBASIC
17 n4 n15 27 1 0 1415 0.00000 0.000 21 9 DONKEY ARC BASIC
18 U5 n15 23 1 0 1515 0.00000 0.000 -4.0000 22 14 LOWERBD SONBASIC
19 n6 n15 28 1 0 1615 1.00000 28.000 23 15 KEY-ARC BASIC
20 n4 M16 25 1 0 X416 0.00000 0.000 24 9 NONKEY ARC BASIC
21 n5 n16 23 1 0 1516 0.00000 0.000 -2.0000 25 14 LOWERBD JONBASIC
22 a6 n16 26 1 0 X616 1.00000 26.000 26 15 KEY-ARC BASIC
23 n4 n17 21 1 0 X417 0.00000 0.000 -3.0000 27 9 LOWERBD NONBASIC
24 n5 317 23 1 0 X517 0.00000 0.000 -2.0000 28 14 LOWERED WOEBASIC
25 n6 n17 26 1 0 1617 1.00000 26.000 29 15 KEY-ARC BASIC
26 n7 n18 28 1 0 1718 0.00000 0.000 33 16 KEY-ARC BASIC
27 n8 n18 24 1 0 1818 0.00000 0.000 -2.0000 34 21 LOWERED NONBASIC
28 n9 nM8 26 1 0 1918 1.00000 26.000 1.0000 35 22 UPPERBD DONBASIC
29 n7 319 24 1 0 X719 0.00000 0.000 36 16 KEYARC BASIC
30 x8 319 23 1 0 1819 0.00000 0.000 37 21 DONKEY ARC BASIC
31 n9 n19 22 1 0 1919 1.00000 22.000 0.0000 38 22 UPPERBD NONBASIC
32 s n2 0 4 0 XS2 1.00000 0.000 3 1 KEYARC BASIC
33 n7 n20 23 1 0 1720 0.00000 0.000 39 16 KEY-ARC BASIC
34 a8 a20 23 1 0 1820 1.00000 23.000 40 21 DONKEY ARC BASIC
35 n9 n20 22 1 0 1920 0.00000 0.000 41 22 DONKEY ARC BASIC
36 n7 n21 22 1 0 1721 0.00000 0.000 42 16 KEY-ARC BASIC
37 n8 n21 19 1 0 1821 0.00000 0.000 -1.0000 43 21 LOWERBD EONBASIC
38 n9 n21 19 1 0 1921 1.00000 19.000 44 22 NONKEY ARC BASIC
39 a n3 0 4 0 XS3 3.00000 0.000 4 1 KEY-ARC BASIC
40 t a4 0 99999999 0 IT4 0.00000 0.000 17 23 KEY-ARC BASIC
41 t u5 0 99999999 0 ITS 1.00000 0.000 30 23 KEY-ARC BASIC
42 t n6 0 99999999 0 1T6 3.00000 0.000 31 23 KEY-ARC BASIC
43 t n7 0 99999999 0 IT7 0.00000 0.000 32 23 KEY-ARC BASIC
44 t n8 0 99999999 0 IT8 1.00000 0.000 45 23 KEY-ARC BASIC
45 t n9 0 99999999 0 IT9 3.00000 0.000 46 23 KEY-ARC BASIC
46 t s 0 99999999 0 ITS 4.00000 0.000 1 23 KEY-ARC BASIC
47 n10 t 0 1 0 107T D 1.00000 0.000 5.0000 47 5 UPPERBD DONBASIC
48 nil t 0 1 0 111T D 1.00000 0.000 1.0000 48 6 UPPERBD NONBASIC
49 M12 t 0 1 0 112T D 1.00000 0.000 2.0000 49 7 UPPERBD DONBASIC
50 n13 t 0 1 0 X13T D 1.00000 0.000 50 R DONKEY ARC BASIC
51 314 t 0 1 0 X14T D 1.00000 0.000 51 10 DONKEY ARC BASIC
52 n15 t 0 1 0 11ST D 1.00000 0.000 7.0000 52 11 UPPERBD DONBASIC
53 M16 t 0 1 0 116T D 1.00000 0.000 5.0000 53 12 UPPERBD NONBASIC
54 n17 t 0 1 0 117T D 1.00000 0.000 5.0000 54 13 UPPERBD DODBASIC
55 n18 t 0 1 0 187T D 1.00000 0.000 68.0000 55 17 UPPERBD NONBASIC
56 n19 t 0 1 0 119T D 1.00000 0.000 65.0000 56 18 UPPERBD DONBASIC
57 n20 t 0 1 0 120T D 1.00000 0.000 65.0000 57 19 UPPERBD DONBASIC
58 n21 t 0 1 0 121T D 1.00000 0.000 62.0000 58 20 UPPERBD NOIBASIC

287.000
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Appendix R. MIP-83 Formulation And Solution (p = 2)

KIP83 maxproj2 output maxproj2.dat

Copyright (C) 1986 by Sunset Software.
All Rights Reserved Worldwide.

1613 Chelsea Road, Suite 153
San Narino, California 91108 U.S.A.

Licensed Solely To: Wright-Patterson Air Force Base

•. TITLE
Maximal Coverage MIP83 (d=5, p=2 )

-. OBJECTIVE MAXIMIZE

*state 1

20 [(xI01)) + 22 [[x111]] + 24 [(C121)) + 21 [[x131))
+ 23 [[x102)) + 19 [Ex112)J + 28 [Cr122)) + 22 [[x132])
+ 27 [(x103)] + 23 [[x113)) + 21 [[x123)3 25 [[x133))

*state 2
+ 21 [Cr1441) + 27 [Cx154)) + 25 [Cr164"] + 21 C[x174]]
+ 21 [Cr145)) + 23 (Cr155)) + 23 (C"165)1 + 23 (Crx75))

+ 19 [[x146)) + 28 [Cx156)) + 26 [(C166)) + 26 [[x176))

*state 3

+ 28 [(C187)) + 24 [Cr197)) + 23 (Cr207]) + 22 (Cr217])

+ 24 [(x188)) + 23 [[x1981) + 23 [(x208)) + 19 [Cx218))
+ 26 [[C189]) + 22 f[x199)) + 22 [Cx2091) + 19 (Cr219))

*state 1 facilities

+ 0 [Cyl)) + 0 [Ey2]] + 0 [[y3]]
*state 2 facilities

+ 0 [[y431 + 0 [[y5]3 + 0 [[y6]]
*state 3 facilities

+ 0 [[y7]] + 0 ([y8e) + 0 HCy9]]

_ CONSTRAINTS

*state 1: a sat cannot be observed unless a facility is avail

yl - xi01 >= 0
yl - x111 >= 0
yl - x121 >= 0
yl - x131 >= 0

y2 - x102 >= 0
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y2 - x112 >= 0
y2 - x122 >= 0
y2 - x132 >= 0

y3 - x103 >= 0
y3 - x113 >= 0
y3 - x123 >= 0
y3 - x133 >= 0

*state 2: a sat cannot be observed unless a facility is avail

y4 - x144 >= 0
y4 - x154 >= 0
y4 - x164 >= 0
y4 - x174 >= 0

yS - x146 >= 0
ys - xiS >= 0
yS - x166 >= 0
YS - x17S >= 0

y6 - x146 >= 0
y6 - x156 >= 0
y6 - x166 >= 0
y6 - x176 >= 0

*state 3: a sat cannot be observed unless a facility is avail

y7 - x187 >= 0
y7 - x197 >= 0

y7 - x207 >= 0
y7 - x217 >= 0

y8 - x188 >= 0
y8 - x198 >= 0
y8 - x208 >= 0
y8 - x218 >= 0

y9 - x189 >= 0
y9 - x199 >= 0
y9 - x209 >= 0
y9 - x219 >= 0

*state 1: min # of times satellite to be imaged (d=5)

20 x101 + 23 xi102 + 27 x103 >= 6
22 x111 + 19 x112 + 23 x113 >= 5
24 x121 + 28 x122 + 21 x123 >= 5
21 x131 + 22 x132 + 25 x133 >= S
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*state 2: min # of times satellite to be imaged (d=5)

21 x144 + 21 x145 + 19 x146 >= S
27 z154 + 23 x156 + 28 x156 >= 5
25 x164 + 23 x165 + 26 x166 >= 5
21 x174 + 23 x175 + 26 x176 >= 5

*state 3: min # of times satellite to be imaged (d=S)
28 x187 + 24 x188 + 26 x189 >= 5
24 x197 + 23 x198 + 22 x199 >= 6
23 x207 + 23 x208 + 22 x209 >= 5
22 x217 + 19 x218 + 19 x219 >= 5

*If facility is in place in one state, must be in other state

yl - y4 = 0
yl - y7= 0

y2 - y5 = 0
y2 - y8 = 0

y3 - y6 = 0
y3 - y9 = 0

*Restriction on the number of facilities (p=2)

yl + y2 + y3 = 2

Statistics-
HIP83 Version 5.00a
Machine memory: 550K bytes.
Pagable memory: 252K bytes.
Objective Function is MAXIMIZED.
NIP Strategy: I
Variables: 45

Integer: 45
Constraints: 55

0 LE, 7 EQ. 48 GE.
Non-zero LP elements: 123
Disk Space: OK bytes.
Page Space: 25K bytes.
Capacity: 12.7% used.
Estimated Time: 00:00:17

Iter 100
Solution Time: 00:00:02
*May have* A L T E R N A T E S 0 L U T I 0 N

INTEGER SOLUTION
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File: Naxproj2 11/16/92 10:09:54 Page 1-1
SOLUTION (Maximized): 562.0000 Maximal Coverage KIP83 (d=5, p=

I Variable I Activity I Cost I Variable I Activity I Cost I

I X101 1.0000 20.0000 I x11i 1.0000 22.0000 1

I x121 1.0000 24.0000 I x131 1.0000 21.0000 1

I r102 0.0000 23.0000 I x112 0.0000 19.0000 I-----------------

I x122 0.0000 28.0000 I x112 0.0000 22.0000 I

I 1103 1.0000 27.0000 I x113 1.0000 23.0000 I-----------------

I x122 0.0000 21.0000 I x132 1.0000 25.0000 1

I x144 1.0000 21.0000 I 1154 1.0000 27.0000 I-----------------

I x103 1.0000 27.0000 1 x113 1.0000 23.0000 1

I x123 0.0000 21.0000 I x133 0.0000 23.0000 1

I x144 0.0000 23.0000 I x154 0.0000 23.0000 1

File: Maxproj2 11/16/92 10:09:54 Page 1-------------------2-

I x164 1.0000 26.0000 I x174 1.0000 26.0000 1

I x145 0.0000 24.0000 1 X155 0.0000 23.0000 1

I x1208 0.0000 23.0000 I x175 0.0000 19.0000 1

File ax20 j 1.00009 22001 9100:095 19.000 1-

I Vaiale 100 0.0000t I ot IVral Iy 0.0000t 0.0000 I

I xy4 1.0000 09.0000 I x15 1.0000 08.0000 1

---------- --- --- ---- --- --- --- -- R-- - - - - - - - - -- --4- - - - -



File: Maxproj2 11/16/92 10:09:54 Page 1-3

SOLUTION (Maximized): 562.0000 Maximal Coverage HIP83 (d-5, p=

I Variable I Activity I Cost I Variable I Activity I Cost I

I y5 0.0000 0.0000 I Y6 1.0000 0.0000 1

I Y7 1.0000 0.0000 I Y 0.0000 0.0000 1

I y9 1.0000 0.0000 1

File: Naxproj2 11/16/92 10:09:54 Page 1-4
CONSTRAINTS: Maximal Coverage MIP83 (d=5, p=2 )

I Constraint I Activity I RHS I Constraint I Activity I RHS I

I Row 1 0.0000 > 0.0000 I Row 2 0.0000 > 0.0000 I-------------

I Row 3 0.0000 > 0.0000 1 Row 4 0.0000 > 0.0000 1

I Row 5 0.0000 > 0.0000 I Row 6 0.0000 > 0.0000 I-------------

I Row 3 0.0000 > 0.0000 1 Row 8 0.0000 > 0.0000 1

I Row 9 0.0000 > 0.0000 I Row 10 0.0000 > 0.0000 I-------------

I Row 11 0.0000 > 0.0000 1 Row 12 0.0000 > 0.0000 1

I Row 13 0.0000 > 0.0000 I Row 14 0.0000 > 0.0000 I------------

I Row 15 0.0000 > 0.0000 1 Row 16 0.0000 > 0.0000 1

I Row 17 0.0000 > 0.0000 I Row 18 0.0000 > 0.0000 I------------

I Row 19 0.0000 > 0.0000 1 Row 20 0.0000 > 0.0000 1

- - - - - - - - --- -- -- -- - - - -- -- - - - -- -- R-- - - - - - - - - - - - --5- -



File: Kaxproj2 11/16/92 10:09:54 Page 1-5

CONSTRAINTS: Maximal Coverage NIP83 (d=5, p=2)

IConstrainti Activity I RHS IConstrainti Activity I RIIS I

I Row 21 0.0000> 0.0000 I Row 22 0.0000> 0.0000 I-------------

I Row 23 0.0000 > 0.0000 1 Row 24 0.0000 > 0.0000 1

I Row 25 0.0000 > 0.0000 I Row 26 0.0000 > 0.0000 I------------

I Row 27 0.0000 > 0.0000 1 Row 28 0.0000 > 0.0000 1

I Row 29 0.0000 > 0.0000 I Row 30 0.0000 > 0.0000 I------------

I Row 31 0.0000 > 0.0000 1 Row 326 0.0000 > 0.0000 1

I Row 33 0.0000 > 0.0000 I Row .---------4--0------->-- 0.0000--I

I Row 35 0.0000 > 0.0000 1 Row 36 0.0000 > 0.0000 1

I Row 37 47.0000> 5.00001 Row 38 45.0000> 5.0000 I-------------

I Row 39 45.0000 > 5.0000 1 Row 40 46.0000 > 5.0000 1

File; Maxproj2 11/16/92 10:09:54 Page 1-----------------6-

I Row 41 40.0000 > 5.0000 1 Row 42 55.0000 > 0.0000 1

I Row 43 51.0000 > 5.0000 1 Row 4s4 47.0000 > 5.0000 1

I Row 45 54.0000 > 5.0000 1 Row 46 46.0000 > 5.0000 1

I Row 47 45.0000 > 5.0000 1 Row 48 41.0000 > 5.0000 1

I Row 49 05.0000 > 0.0000 1 Row 50 06.0000 > 0.0000 1

File Row j 53169 0.001000 o 4 00000 :5 Pag 0 10006

I Row 55 20.0000 > 5.0000 1Io 2 5.00> 500

T ota Error: .0 00000>5000 o 4 4.00> 500

---------- --- --- ---- --- --- --- --- -- - - - - - - - -- - - --6- -



Appendix S. Network With Side Constraints (p = 2)

S.1 Formulation

options linesize=120;
options pagesize=66;
title 'Facility Location - run 13';
title3 'Nodes for Facility Location';

data noded;
input -node- $ _sd_;
cards;

sO
tO

title3 'Arcs for Facility Location';
data arcdl;

input -from- $ -to- $ -cost- _capac_ -name- $;
cards;

"s nl 0 12 xsl
"s n2 0 12 xs2
"s n3 0 12 xs3
nI nlO 20 1 x110
nl nil 22 1 xli
nI n12 24 1 x112
nl n13 21 1 x113
ni n4 0 8 x14
n2 nlO 23 1 x210
n2 nil 19 1 x211
n2 n12 28 1 x212
n2 n13 22 1 x213
n2 nS 0 8 x25
n3 nlO 27 1 x310
n3 nil 23 1 x311
n3 n12 21 1 x312
n3 n13 25 1 x313
n3 n6 0 8 x36
n4 n14 21 1 x414
n4 n15 27 1 x415
n4 n16 25 1 x416
n4 n17 21 1 x417
n4 n7 0 4 x47
n5 n14 21 1 x514
nS n15 23 1 x615
nS n16 23 1 x516
nS n17 23 1 x517
nS n8 0 4 x58
n6 n14 19 1 x614
n6 nIS 28 1 x615
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n6 n16 26 1 x616
n6 n17 26 1 x617
n6 n9 0 4 x69
n7 n18 28 1 x718
n7 n19 24 1 x719

n7 n20 23 1 x720
n7 n21 22 1 x721

n8 nM8 24 1 x818
n8 n19 23 1 x819
n8 n20 23 1 x820
n8 n21 19 1 xC21
n9 n18 26 1 x918
n9 n19 22 1 x919
n9 n20 22 1 x920
n9 n21 19 1 x921
nlO t 0 2 xlOt
nll t 0 2 xllt

n12 t 0 2 xl2t
n13 t 0 2 xl3t
nl4 t 0 2 x14t
nI5 t 0 2 zISt

n16 t 0 2 xl6t
n7 t 0 2 xl7t
M8 t 0 2 xl8t
n9 t 0 2 xl9t
n20 t 0 2 x20t
n2l t 0 2 x2lt

t s 0 Xts

title3 'Side constraints';
data condl;

input xsl xs2 xs3 xllO xlii x112 x113 x14 x210 x211 x212 x213 x25
x310 x311 x312 x313 x36 x414 x415 x416 x417 x47 x514 x515 x516 x517 x58
x614 x615 x616 x617 x69 x718 x719 x720 x721 x818 x819 x820 x821
x918 x919 x920 x921 -type- $ _rhs_;
cards;

-1 . 12 . .............................. . ......................................... = 0
-1 12 .................................. ..... . ....................................... = 0
-1 . 12 .............................. .. ..... ....................................... = 0
-1 ...... 12 .................... ..... .... .. ...................................... = 0
-8 ...... 12 ........................ . .... .. ..................................... = 0

-1 .. ...... .. 12 ............................... . .. ................................... = 0
-1 .. ....... 12 ...................................... .... ............................... = 0
-1 ... ........ 12 ............................ .. ... ... ............................... = 0
-1 ... ......... .. 12 ............................ . ... ... .............................. = 0
-8 .... .......... 12 ............................ ... ... ............................. = 0

-1 .... .......... .. 12 ........................... ... .. ............................. = 0
-1 .... .. ......... 12 .............. . ..... ..... . ............................. = 0
-1. ..... . ........... 12 .... ... .. ... .... . ............................ = 0
-1 ....... ............. 12 ............ .. .. ..... . ........................... = 0
-8. ...... .............. 12 ........ .... . ... .. ........................... 0

. .. .- . ........... 8 .. ......................... .......................... 0
-1 . .- . .. ........ . 8 ............ .. ...... . ............. .......... =0
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.- . ..... .......... .. 8 . ............ .. .. ...................... =0
. . . ................ 8 ...................... 0

S.. . . ...... . . . ........ .... 2 . ................ .. . . . .................... 0
* .... -1 ........ .......... 8 .................... .. ................... 0

S.. . . . . . . .. . . .... ..... ...... . ... ............... ...... . ................... 0

.-.. . . ... ............ 8 . .............. . . .................. 0
S..... .. ...- .. . .. . . .. . 8 . . . . .. .. . . .... . . .. 0

.. .. . . . . -1 . .. . . . . . . . . .. . 2 . . . . . . . . . . . . . . . . . o0

S.. . .. . . . .. . . . . . . . ... . ......... 8...... 8 .......... ............ .... 0
S. . . .... . .... . .. . . .. .................... .8 ........ ... ............ 0
S. . . . . . . . . . . . . . .. . -1 . . . . . . . . . .. . 8 ... 0

.. .. . . . . . . . . . . .. . -. . . . . . . . . . . . . . 8 . . . . . . . . . . . . = 0

. ... . ..... . .. .. . -1 . . . . . . . . . . . . . . 2 . . . . . . . . . . . . 0

proc netflow
nodedata=noded
arcdata=arcdl
condata=condl
conout=solution
max

sourcenode=s
sinknode=t
nanectrl=l;

proc print data=solution;
sum _fcost_;
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S.2 Solution

OBS -FROM- -TO- -COST- .CAPAC_ _LO_ -NANE- -SUPPLY- _DENAID_ -FLOW- _FCOST_ _RCOST_ -AUB -TEMNB. -STATUS-

1 S nIL 0 12 0 ISI S 12.0000 0.000 2 1 KEY-ARC BASIC

2 ni nlO 20 1 0 1110 1.0000 20.000 5 2 KEY-ARC BASIC

3 n2 IlO 23 1 0 1210 0.0000 0.000 6 3 DONKEY ARC BASIC

4 n3 RlO 27 1 0 1310 1.0000 27.000 7 4 DOilEY ARC BASIC

5 nI nil 22 1 0 1111 1.0000 22.000 8 2 BONNEY ARC BASIC

6 n2 nll 19 1 0 1211 0.0000 0.000 9 3 KEY-aRC BASIC

7 n3 nil 23 1 0 1311 1.0000 23.000 13.000 10 4 UPPERBD NONBASIC

8 nI n12 24 1 0 1112 1.0000 24.000 11 2 BONNEY ARC BASIC

9 n2 n12 28 1 0 X212 0.0000 0.000 12 3 DONKEY ARC BASIC

10 n3 n12 21 1 0 1312 1.0000 21.000 13 4 KEY-ARC BASIC

11 nl n13 21 1 0 1113 1.0000 21.000 14 2 KEY-ARC BASIC

12 n2 n13 22 1 0 1213 0.0000 0.000 15 3 BONNEY ARC BASIC

13 n3 n13 25 1 0 1313 1.0000 25.000 16 4 BONKEY ARC BASIC

14 n4 n14 21 1 0 1414 1.0000 21.000 20 9 BONKEY ARC BASIC

15 n5 n14 21 1 0 1514 0.0000 0.000 21 10 NONKEY ARC BASIC

16 n6 n14 19 1 0 1614 1.0000 19.000 22 11 KEYARC BASIC

17 n4 n1S 27 1 0 1415 1.0000 27.000 23 9 MONKEY ARC BASIC

18 ns n1S 23 1 0 1515 0.0000 0.000 24 10 KEYARC BASIC

19 n6 nIS 28 1 0 1615 1.0000 28.000 25 11 BONKEY ARC BASIC

20 n4 n16 25 1 0 1416 1.0000 25.000 26 9 BONKEY ARC BASIC

21 nS n16 23 1 0 1516 0.0000 0.000 27 10 KEY-ARC BASIC

22 n6 n16 26 1 0 1616 1.0000 26.000 28 11 DONKEY ARC BASIC

23 n4 n17 21 1 0 1417 1.0000 21.000 29 9 NONIEY ARC BASIC

24 n5 n17 23 1 0 1517 0.0000 0.000 30 10 DONKEY ARC BASIC

25 n6 n17 26 1 0 1617 1.0000 26.000 31 11 KEY-ARC BASIC

26 n7 n18 28 1 0 1718 1.0000 28.000 35 16 BOINEY ARC BASIC

27 n8 n18 24 1 0 1818 0.0000 0.000 36 17 BOUNEY ARC BASIC

28 n9 n18 26 1 0 1918 1.0000 26.000 37 18 KEY.ARC BASIC

29 n7 n19 24 1 0 1719 1.0000 24.000 38 16 BONNEY ARC BASIC

30 n8 n19 23 1 0 1819 0.0000 0.000 39 17 BONKEY ARC BASIC

31 n9 n19 22 1 0 1919 1.0000 22.000 40 18 KEY-ARC BASIC

32 s n2 0 12 0 1S2 S 0.0000 0.000 3 1 KEY-ARC BASIC

33 n7 n20 23 1 0 1720 1.0000 23.000 41 16 BONKEY ARC BASIC

34 n8 n20 23 1 0 1820 0.0000 0.000 42 17 BONKEY ARC BASIC

35 n9 n20 22 1 0 1920 1.0000 22.000 43 18 KEYARC BASIC

36 n7 n21 22 1 0 X721 1.0000 22.000 7.000 44 16 UPPERBD DONBASIC

37 n8 n21 19 1 0 X821 0.0000 0.000 45 17 DONKEY ARC BASIC

38 n9 n21 19 1 0 1921 1.0000 19.000 46 18 KEY-ARC BASIC

39 a n3 0 12 0 1S3 S 12.0000 0.000 4 1 KEY-ARC BASIC

40 ni n4 0 8 0 114 8.0000 0.000 17 2 KEY-ARC BASIC

41 n2 nS 0 8 0 125 0.0000 0.000 18 3 KEY-ARC BASIC

42 n3 n6 0 8 0 136 8.0000 0.000 19 4 KEY-ARC BASIC

43 n4 n7 0 4 0 147 4.0000 0.000 32 9 KEY-ARC BASIC

44 n5 n8 0 4 0 158 0.0000 0.000 33 10 KEY.ARC BASIC

45 n6 n9 0 4 0 169 4.0000 0.000 34 11 KEY-ARC BASIC

46 t a 0 99999999 0 ITS 24.0000 0.000 1 23 KEY-ARC BASIC

47 nlO t 0 2 0 XIOT D 2.0000 0.000 47 5 BONKEY ARC BASIC

48 nil t 0 2 0 XilT D 2.0000 0.000 48 6 DONKEY ARC BASIC

49 n12 t 0 2 0 112T D 2.0000 0.000 49 7 DOIKEY ARC BASIC

50 n13 t 0 2 0 113T D 2.0000 0.000 50 8 DONKEY ARC BASIC

51 n14 t 0 2 0 114T D 2.0000 0.000 51 12 BONKEY ARC BASIC

52 niS t 0 2 0 115T D 2.0000 0.000 52 13 BONKEY ARC BASIC

53 n16 t 0 2 0 116T D 2.0000 0.000 53 14 BONNEY ARC BASIC

64 n17 t 0 2 0 117T D 2.0000 0.000 54 15 BONKEY ARC BASIC

55 n18 t 0 2 0 118T D 2.0000 0.000 265.000 55 19 UPPERBD DONBASIC

56 n19 t 0 2 0 119T D 2.0000 0.000 3.000 56 20 UPPERBD NONBASIC

57 n20 t 0 2 0 120T D 2.0000 0.000 3.000 57 21 UPPERBD 1O0BASIC

58 n21 t 0 2 0 X21T D 2.0000 0.000 58 22 DONKEY ARC BASIC

562.000
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Appendix T. NWSC Multi-Commodity Flow Formulation (p = 2)

T.1 Formulation

options linesize=120;
options pagesize=66;
title 'Facility Location - run 14';
title3 'lodes for Facility Location';

data noded;

input -node- $ _sd_;
cards;

s 0
n4 0
ns 0
n6 0
n7 0
n8 0
n9 0
t o

title3 'Arcs for Facility Location';
data arcdl;

input -from- $ -to- $ -cost- _capac_ -name- $;
cards;

s nl 0 4 xsl
s n2 0 4 xs2
s n3 0 4 xs3
nl nlO 20 1 zllO
nl nil 22 1 xllI
nl n12 24 1 x112
nl n13 21 1 x113
n2 niO 23 1 x210
n2 nil 19 1 x211
n2 n12 28 1 x212
n2 n13 22 1 x213
n3 nlO 27 1 x310
n3 nil 23 1 x311
n3 n12 21 1 x312
n3 n13 25 1 x313
n4 n14 21 1 x414
n4 ni1 27 1 x415
n4 n16 25 1 x416
n4 n17 21 1 x417
nS n14 21 1 x614
nS ni1 23 1 xG1S
nS n16 23 1 x516
nS n17 23 1 x617
n6 n14 19 1 x614
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n6 niS 28 1 x615
n6 n16 26 1 x616
n6 n17 26 1 x617
n7 n18 28 1 x718
n7 n19 24 1 x719
n7 n20 23 1 x720
n7 n21 22 1 x721
n8 n18 24 1 x818

n8 n19 23 1 x819
n8 n20 23 1 x820
n8 n21 19 1 x821
n9 n18 26 1 x918
n9 n19 22 1 x919
n9 n20 22 1 x920
n9 n21 19 1 x921
nIO t 0 2 xlOt
nil t 0 2 xllt
n12 t 0 2 xl2t
n3 t 0 2 xl3t
n4 t 0 2 xl4t
n1i t 0 2 xi5t
n16 t 0 2 xl6t
n7 t 0 2 xl7t
n18 t 0 2 xl8t
n9 t 0 2 x19t
n20 t 0 2 x20t
n2l t 0 2 x2lt
t s 0 Xts

t n4 0 xt4

t n5 0 xt5
t n6 0 xt6
t n7 0 xt7

t n8 0 xt8
t n9 0 xt9

title3 'Side constraints';
data condl;

input
x1lO xlll x112 x113 x210 x211 x212 x213 x310 x311 x312 x313 x414 x415 x416
x417 x514 x5lS x516 x517 x614 x615 x616 x617 x718 x719 x720 x721 x818 x819
x820 x821 x918 x919 x920 x921 xts xsl xs2 xs3 xt4 xtS xt6 xt7 xt8 xt9
-type- $ _rhs_;
cards;

444 . . .4 . . .. . . . .. . . . . . . . . . . . . . . .. . .- . . . . . . . .... .1* 0
4 . . .4. .. .... .... . . . . ........ .... ............ ..... le 0

.4 .4 4.................. . . ........................ -1 0
.4 .... 4 4 ......................... ......................... -1. . ......... le 0
.4 4 .... .... 4 . .... .............. . ........................ -1 . . ............ le 0

. 4 4 .... .... 4 . .............. . . ...................... -1 ......... ......... 1* 0
................ .... ........ ........ ........ .... ............ ............ . .. ..... eqO

S... . ... . ... ..... ... ... ..... ............ .... ............ . ...... . eqO
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-.1.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . 1 . . . . eq 0
-. . -.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . I . eq1

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. -1 . I . . . eq 0

S...... ........ ........ ...... . ... .. .................. .... ........ .... ..... eq 0
-.. . . . . . . . . . I . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . eq 0
-1 . . . . . . . . . . . . . . . . . . . . . . I . . . . . . . . . . . . . . . . . . . . . eq 0
.1 . . . . . . . . . . I . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . eq 0

-1 . . . . . . . . . . . . . . . . . . . . . . I . . . . . . . . . . . . . . . . . . . . eq O
--. .1.. . . . . . I . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . eq 0

-1............. ........ ........ ........ ...... . 1.................. .. .... ........... eq 0
. .-1 . . . . . . . .. . 1 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . eq 0
. .-1 . . . . . . . . . . . . . . . . . . . .. . I . . . . . . . . . . . . . . . . . . eq 0
.. .. -1 . . . . . . . . . I . . . . . . . . . . . . . . . . . . . . . . . . . . . . . eq 0
.. .. -1 . . . . . . . . . . . . . . . . . . . . . 1 . . . . . . . . . . . . . . . . . eq 0

... -1 . . . . . . . . .. . I . . . . . . . . . . . . . . . . . . . . . . . . . . . . eq 0

... -1 . . . . . . . . . . . . . . . . . . . . .. . 1 . . . . . . . . . . . . . . . . eq 0

. -1. ............. I ......... ................ ........................... eq 0
S ... ... -1 ........ ........ ................ ...... 1 . ...... . . .............. eq 0
S.-1 .. ..... .... .......... 1 ....... .................... .. ........................ eq 0

* ... . .. -1 ....... ........ ........ ................ ....... 1 . .... . . . ............ eq 0

proc netflow
nodedata=noded

arcdata=arcdl

condata=condl

conout=solution

max

sourcenode=s

sinknode=t
namectrl=l;

proc print data=solution;
sum .fcost_;
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T.2 Solution

DBS -FROM- -TO- -COST- _CAPAC_ -LO_ -AIE_ .-SUPPLY- _DEMAID_ -FLOW- _FCOST_ _RCOST_ _AIUNB. _TNUHB_ -STATUS-

1 nI 0 4 0 ISi 4 0 2 1 KEY-ARC BASIC
2 nl UlO 20 1 0 1110 1 20 s 2 KEARC BASIC
3 n2 RlO 23 1 0 X210 0 0 6 3 NONKEY ARC BASIC
4 n3 RlO 27 1 0 X310 1 27 4.0000 7 4 UPPERBD NONBASIC
5 nI nil 22 1 0 111 1 22 8 2 1O0KEY ARC BASIC
6 n2 nil 19 1 0 1211 0 0 9 3 KEYARC BASIC
7 n3 nll 23 1 0 1311 1 23 4.0000 10 4 UPPERBD UONBASIC
8 na n12 24 1 0 X112 1 24 4.0000 11 2 UPPERBD DODBASIC
9 n2 n12 28 1 0 X212 0 0 12 3 IONKEY ARC BASIC

10 n3 n12 21 1 0 X312 1 21 13 4 KEYARC BASIC
11 nIL n13 21 1 0 1113 1 21 14 2 KEYARC BASIC
12 n2 n13 22 1 0 1213 0 0 15 3 NONKEY ARC BASIC
13 n3 z13 2S 1 0 1313 1 25 16 4 XONKEY ARC BASIC
14 n4 n14 21 1 0 1414 1 21 18 9 NONKEY ARC BASIC
15 n5 n14 21 1 0 1514 0 0 0.0000 19 14 LOWERBD NONBASIC
16 n6 n14 19 1 0 1614 1 19 20 1S KEYARC BASIC
17 n4 niS 27 1 0 1415 1 27 21 9 DONKEY ARC BASIC
18 ns nis 23 1 0 1515 0 0 22 14 KEY-ARC BASIC
19 n6 AlS 28 1 0 1615 1 28 2.0000 23 15 UPPERBD DOIBASIC
20 n4 n16 25 1 0 1416 1 25 24 9 DONKEY ARC BASIC
21 n5 n16 23 1 0 X516 0 0 25 14 KEYARC BASIC
22 n6 n16 26 1 0 1616 1 26 26 15 DONKEY ARC BASIC
23 n4 ni? 21 1 0 1417 1 21 27 9 KEY.ARC BASIC
24 n5 n17 23 1 0 X517 0 0 0.0000 28 14 LOWERBD DORBASIC
25 n6 n17 26 1 0 1617 1 26 29 15 DONKEY ARC BASIC
26 n7 n18 28 1 0 1718 1 28 33 16 iONKEY ARC BASIC
27 n8 n18 24 1 v 1818 0 0 34 21 KEYARC BASIC
28 n9 n18 26 1 0 X918 1 26 35 22 DONKEY ARC BASIC
29 &7 n19 24 1 0 1719 1 24 36 16 DONKEY ARC BASIC
30 n8 n19 23 1 u 1819 0 0 -3.0000 37 21 LOWERBD DOIBASIC
31 n9 n19 22 1 0 1919 1 22 38 22 KEYARC BASIC
32 s n2 0 4 0 1S2 0 0 3 1 KEY-ARC BASIC
33 n7 n20 23 1 0 X720 1 23 39 16 DONKEY ARC BASIC
34 n8 n20 23 1 0 1820 0 0 40 21 DONKEY ARC BASIC
35 n9 n20 22 1 0 1920 1 22 41 22 KEYARC BASIC
36 n7 n21 22 1 0 1721 1 22 42 16 DONKEY ARC BASIC
37 n8 n21 19 1 0 X821 0 0 43 21 IONKEY ARC BASIC
38 n9 n21 19 1 0 X921 1 19 44 22 KEY-ARC BASIC
39 s n3 0 4 0 XS3 4 0 4 1 KEYARC BASIC
40 t n4 0 99999999 0 1T4 4 0 17 23 KEY-ARC BASIC
41 t n5 0 9999999 0 ITS 0 0 30 23 KEY-ARC BASIC
42 t n6 0 9999999 0 1T6 4 0 31 23 KEYARC BASIC
43 t n7 0 99999999 0 ITT 4 0 32 23 KEY-ARC BASIC
44 t n8 0 99999999 0 1T8 0 0 45 23 KEY-ARC BASIC
45 t n9 0 99999999 0 IT9 4 0 46 23 KEYARC BASIC
46 t s 0 99999999 0 ITS 8 0 1 23 KEYARC BASIC
47 nIO t 0 2 0 X1OT D 2 0 4.0000 47 S UPPERBD DONBASIC
48 nil t 0 2 0 111T D 2 0 48 6 NONKEY ARC BASIC
49 n12 t 0 2 0 112T D 2 0 1.0000 49 7 UPPERBD NONBASIC
50 n13 t 0 2 0 113T D 2 0 50 8 IONKEY ARC BASIC
51 n14 t 0 2 0 X14T D 2 0 51 10 IOIKET ARC BASIC
52 n15 t 0 2 0 11ST D 2 0 7.0000 52 11 UPPERBD NONBASIC
53 n16 t 0 2 0 X16T D 2 0 7.0000 53 12 UPPERBD DONBASIC
54 n17 t 0 2 0 117T D 2 0 7.0000 54 13 UPPERBD DONBASIC
55 n18 t 0 2 0 118T D 2 0 65.7500 55 17 UPPERBD NOIBASIC
56 n19 t 0 2 0 X19T D 2 0 61.7500 56 18 UPPERBD IOIBASIC
57 n20 t 0 2 0 120T D 2 0 61.7500 57 19 UPPERBD DODBASIC
58 n21 t 0 2 0 121T D 2 0 58.7500 58 20 UPPERBD DONBASIC

562
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Appendix U. Target Satellites and Selected Orbital Elements

Satellite JD of Epoch ndot i Omega e omega M Mean motion

USA-36 197.91837137 0.00007202 47.6914 82.0767 0.0006038 270.6002 89.4230 15.30488629

USA_51 198.08591563 0.00003400 43.0917 158.4372 0.0016607 188.8480 171.2446 16.10915290

USA-52 197.94609706 0.00007885 43.0999 127.3948 0.0021313 188.0041 172.0547 15.37361834

IRISTII 197.83302827 0.00022163 51.6116 181.0813 0.0009828 150.3263 209.8281 15.62965269

ROSIT 197.88269321 0.00001427 52,9893 278.S644 0.0016534 72.3616 287.9167 14.97805315

USA_50 191.64282447 0.00000001 54.5508 255.0660 0.0027829 44.9864 315.3289 2.00872988

USA-54 196.82871687 -0.00000032 55.1008 14.7818 0.0036435 102.9248 257.5125 2.00550609

USA-63 218.99722221 0.00000016 54.7146 194.1753 0.0137525 116.3366 181.4646 1.99250853

COSNOS-2027 197.60108149 0.00008487 65.8353 256.4158 0.0011393 165.3891 194.7581 15.34317472

COSNOS-2079 197.25939867 -0.00000015 64.8901 37.9878 0.0021686 210.6750 149.2556 2.13102429

COSNOS-2084 197.73310099 0.00001275 62.8050 91.6109 0.0125122 7.7699 352.5256 14.66800001

COSOS-.2087 206.81007288 0.00000085 62.8980 166.2331 0.7346085 318.1243 4.5758 2.04190646

MOLIIYA3-36 197.60435990 -0.00000163 63.6146 41.5478 0.7439871 288.3776 8.9683 2.00579957

NOLIIYA3-38 197.61610821 -0.00000276 62.8106 222.5276 0.7409990 280.1641 11.0192 2.00629826

CSNOS-2053 197.45259090 0.00005067 73.5319 30.1588 0.0012445 130.7206 229.5063 15.16816703

COSOS-2064 197.75221122 0.00000009 73.9827 115.8203 0.0016865 121.6719 238.5972 12.47022722

COSNOS-2082 197.60464049 0.00000407 71.0014 248.9610 0.0006932 316.1147 43.9455 14.12202222

COSOS-.2088 211.30945199 -0.00000007 73.6024 315.1795 0.0026045 274.7578 85.0478 12.40541957

EIOSD 197.49004303 0.00017349 75.1016 224.4887 0.4172240 203.0971 130.9587 7.12367692

COSNOS-1975 220.76572722 0.00000356 82.5347 272.1928 0.0022698 263.8456 96.0078 14.77357130

COSOS-.1994 198.07614051 0.00000004 82.6188 64.2228 0.0012384 284.3905 75.5843 12.64036285

GRAIAT 195.00000000 -0.00000774 65.4200 347.9100 0.9095563 304.6110 340.6870 0.24400759

MIGIOI-2 197.75571572 0.00000983 82.5943 209.7055 0.1256316 271.3998 74.4042 12.44078582

_I1 197.46759000 0.00001179 89.8880 194.3530 0.0115325 45.9621 315.1018 14.60855102

EADEZIDI 197.60044991 0.00000085 82.9589 263.3143 0.0036784 318.4962 41.3401 13.73599910

OSCAIR26 196.27623727 0.00000194 89.9246 136.7689 0.0099175 12.7405 347.6205 13.40556745

COBE 193.09621556 0.00002713 99.0190 203.0552 0.0008422 301.8581 58.1758 14.02561379

COSOS-.1484 198.11006872 0.00002525 97.6731 247.3242 0.0041609 332.0470 27.8506 14.88821640

C0S10_S1689 198.01536703 0.00004681 97.7535 265.6947 0.0049657 18.0635 342.2337 14.96154722

COSOS.-1939 197.98291795 0.00001694 97.8625 257.8830 0.0025465 244.9853 114.8807 14.83492321
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DEBUT 195.61058361 0.00000052 99.0367 236.9380 0.0540983 346.5085 12.2023 12.83158694

FENGYUIN1 198.08145838 0.00000249 99.1964 179.1309 0.0075686 324.3139 35.2982 14.01357692

IRMS 191.52552230 -0.00000080 99.0225 27.9613 0.0011826 324.5176 35.5228 13.98794439

IRSIA 198.02791305 -0.00000084 98.9643 265.1622 0.0012623 164.9896 195.1630 13.96279164

LAIDSAT_4 196.90103716 0.00000128 98.1638 258.8646 0.0004643 51.4083 308.7526 14.57138609

LINDSIT_5 196.92892046 0.00000400 98.2032 256.5710 0.0001826 113.6647 246.4746 14.57120276

METEOR-1-30 198.11290548 0.00009749 97.6730 298.0707 0.0027071 302.0099 57.8505 15.19565463

METEORPRIIODA 196.96612028 0.00001423 97.7623 176.7612 0.0033609 137.6758 222.7063 14.83242315

MOS.1 198.05442718 0.00000229 99.1080 270.2241 0.0001102 87.5815 272.5490 13.94871513

MOSIB 198.01052009 0.00000085 99.1896 268.1044 0.0000784 57.3307 302.7941 13.94832098

GAoll. 197.51102764 0.00000170 98.9820 145.8534 0.0011656 196.5791 163.4991 14.11647557

IOAA_8 195.53786854 0.00000451 98.5231 205.2102 0.0017634 92.6379 267.6814 14.23837726

iOAA_9 198.22643387 0.00000261 99.1690 198.7542 0.0014262 286.2590 73.7008 14.12618650

SME 196.63693036 0.00029056 97.6335 245.8541 0.0000657 245.5455 114.5775 15.52837284

SPOT_1 197.66656711 0.00000293 98.7329 271.7257 0.0002045 99.9436 260.1903 14.20023935

UOSAT 196.62757134 0.00001107 97.9462 248.2520 0.0013012 152.5037 207.6821 14.65494071

USA-26 196.92322052 0.00000377 98.8186 27.1385 0.0013703 303.3182 56.6689 14.14080993

USA-29 198.25799871 -0.00000422 98.6409 76.6667 0.0006552 175.7377 184.3856 14.21487952

USA-55 197.61537977 0.00000002 94.1399 230.7213 0.0127346 223.5919 135.5190 14.95672063

VIKING 168.05847800 0.00000100 98.8000 52.1847 0.4707161 229.0139 79.6586 5.50351493
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Appendix V. Partial Listing: NWSC Using Implied Gains (p = 1)

V.1 Formulation

options linesize=120;
options pagesize=66;
title 'Network with Side Constraints';
title3 'Nodes for Facility Location';

data noded;
input -node_ $ _sd_;
cards;

s 0
t 0

title3 'Arcs for Facility Location';
data arcdl;

input -from- $ -to- $ _cost- _capac_ -name- $;
cards;

s al 0 48 xsal
s bl 0 48 xsbl
s cl 0 48 xscl
s dl 0 48 xsdl
s el 0 48 xsel
s fl 0 48 xsfl
s gl 0 48 xsgl
s hl 0 48 xshl
s ii 0 48 xsil
s ji 0 48 xsjl
s k1 0 48 xskl
s 11 0 48 xsll

al nOl 0 1 xal01
al n02 60 1 xal02
al n03 60 1 xa103
al n04 32 1 xal04
al nO5 264 1 xalOS

13 n35 55 1 x1335
13 n36 60 1 x1336
13 n37 244 1 x1337
13 n38 173 1 x1338
13 n39 250 1 x1339
13 n40 298 1 x1340
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13 n41 298 1 x1341
13 n42 228 1 x1342
13 n43 300 1 x1343
13 n44 297 1 x1344
13 n45 297 1 x1345
13 n46 299 1 x1346
13 n47 230 1 x1347
13 n48 165 1 x1348

nOl t 0 1 xO1t
n02 t 0 1 xO2t
n03 t 0 1 xO3t
n04 t 0 1 xO4t
no5 t 0 1 xOst
nO6 t 0 1 xO6t
n07 t 0 1 x07t
nO8 t 0 1 xO8t
n09 t 0 1 xO9t
nlO t 0 1 xlOt
nil t 0 1 xllt
n12 t 0 1 xl2t
n13 t 0 1 xl3t
n14 t 0 1 xl4t
niS t 0 1 x1st
n16 t 0 1 xl6t
n17 t 0 1 x17t
n18 t 0 1 xl8t
n19 t 0 1 r19t
n20 t 0 1 x20t
n21 t 0 1 x2It
n22 t 0 1 x22t
n23 t 0 1 x23t
n24 t 0 1 x24t
n25 t 0 1 x25t
n26 t 0 1 x26t
n27 t 0 1 x27t
n28 t 0 1 x28t
n29 t 0 1 x29t
n30 t 0 1 x30t
n31 t 0 1 x3lt
n32 t 0 1 x32t

n33 t 0 1 x33t
n34 t 0 1 x34t
n35 t 0 1 x35t
n36 t 0 1 x36t
n37 t 0 1 x37t
n38 t 0 1 x38t
n39 t 0 1 x39t
n40 t 0 1 x40t
n41 t 0 1 x4lt
n42 t 0 1 x42t
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n43 t 0 1 x43t
n44 t 0 1 x44t

n45 t 0 1 x45t
n46 t 0 1 x46t
n47 t 0 1 x47t
n48 t 0 1 x48t

t a 0 .Xtsl

title3 'Side constraints';
data condi;

in~put xsal xsbl xsci xadl xsel xsfl 1 sgi xshi xsil xsjl xskl xsli
xal~l x&102 xalO3 xalO4 xalO5 xa106 xalO7 xaiO8 xalO9 xallO raili xail2 xail3 xail4 xIli5 xaii6 xala2
xblOi xbiO2 xblO3 xblO4 xblO5 xb1O6 xbl07 xbiO8 xblO9 ibilO xblll xbil2 xbll3 xbll14 xb115 xbli6 xbib2
IdlOl xclO2 xcl03 xclO4 xclO5 xc106 xclO7 xciO8 xcl09 xcIiO xcIii xclI2 xcil3 xcil4 xcI15 xcIl6 xclc2
xdlOl xd102 xdiO3 xdiO4 xdiO5 xdlO6 xdlO7 xdlO8 xdlO9 xdllO xdlil xdli2 xdll3 xdil4 xdilS xdil6 xdld2
xel~l xel02 xe103 xe1O4 xelOS xel06 xelO7 xel08 xelO9 zellO xeill xel12 xe113 xell4 xellS xel16 xeie2
rflOl rf1O2 xfiO3 xfiO4 iflOS xf106 xf107 xflO8 iflO9 xf 110 xfili xfli2 xfll3 if114 ifil XMl6 xflf2
15101 xg102 xg103 xg104 xg105 xglO6 xgiO7 xglO8 xg109 xg110 x5111 xg112 xg113 xg114 xg115 x5116 xg152
xhiOl xh1O2 xhlO3 xhiO4 xhiOS xhlO6 xhlO7 xhlO8 xhlO9 ihIlO xhli xhil12 xkil3 xhl14 ihilS xA1l6 AMlh
xi101 x1102 xilO3 xiiO4 xilOS xi106 xilO7 xi108 1±109 x±110 xi111 xi112 xill3 xil14 xi115 xill6 xili2
zjiOl xjlO2 xjlO3 xjlO4 xjiOS xj106 xjlO7 xjlO8 xjlO9 xjilO xjlli xj112 xjll3 xjli4 xjI15 xjll6 xjij2
xklOl AklO2 xklO3 xk104 A1iOS xkiO6 xklO7 xklO8 Ak109 ikllO xkilll Akl2 xkli3 xkll4 AIkIS Akl6 xklk2
rilOl x1102 x1103 x1104 x1105 x1106 xil07 x1108 x1109 x1110 xliii x1112 x1113 x1114 x1115 x1116 x1112
xa217 xa218 xa219 xa220 xa221 xa222 xa223 xa224 xa225 x&226 xa227 x&228 xa229 xa230 xa231 xa232 xa2a3
ib217 xb2l8 xb219 xb220 xb221 xb222 xb223 xb224 xb225 xb226 xb227 xb228 xb229 xb230 xb231 xb232 xb2b3
xc217 xc218 xc219 xc220 xc221 xc222 xc223 xc224 xc225 xc226 xc227 xc228 xc229 xc230 xc231 xc232 xc2c3
xd217 14218 xd219 xd22O xd221 xd222 xd223 xd224 xd225 xd226 xd227 xd228 xd229 xd230 xd231 xd232 xd2d3
ze217 xo218 xe219 xe220 1,221 xe222 xe223 xe224 x*225 x.226 xe227 x*228 xe229 xe230 xe231 xe232 xe2e3
if217 xrf218 xf219 rf220 xf221 xf222 xf223 xf224 if225 xf 226 xf227 xf228 xf229 xf230 if 231 xz232 xf2f3
15217 xg218 xg219 x5220 xg221 xg222 x5223 x5224 x5225 xg226 xg227 xg228 xg229 x5230 xg231 xg232 xg2g3
xh217 W1i8 xh219 xh220 xh221 xh222 x1223 xh224 xh225 xh226 xh227 Ah228 xh229 xh230 xh231 Ah232 AM~h
xi217 xi218 xi2i9 xi220 xi221 x±222 xi223 xi224 xi225 xi226 x±227 xi228 xi229 xi230 xi231 xi232 xi2i3
xj217 xj218 xj219 xj220 xj221 xj222 xj223 xj224 xj225 zj226 xj227 xj228 xj229 xj230 xj231 xj232 xj2j3
Ak217 xk218 0k219 Ak220 Ak221 xk222 xk223 xk224 Ak225 xk226 xk227 Ak228 xk229 xk230 xk231 xk232 xk2k3
x1217 x1218 x1219 x1220 x1221 x1222 x1223 x1224 x1226 x1226 x1227 x1228 x1229 x1230 x1231 x1232 x1213
xa333 xa334 xa335 xa336 xa337 xa338 xa339 xa340 xa341 xa342 xa343 x&344 xa345 xa346 xa347 xa348
xb333 xb334 xb335 xb336 xb337 xb338 xb339 xb340 xb341 xb342 xb343 xb344 xb345 xb346 xb347 xb348
xc333 xc334 xc336 xc336 xc337 xc338 xc339 xc340 xc341 xc342 xc343 xc344 xc345 xc346 xc347 xc348
xd333 xd334 x4335 x4336 xd337 xd338 14339 xd340 xd341 xd342 xd343 xd344 xd345 xd346 14347 xd348
x.333 x.334 x,335 xe336 xe337 xe338 xe339 xe340 xe34i xe342 1,343 x.344 x*345 xe346 10347 xe348

xf 333 xf334 xf335 if 336 if 337 xf 338 xf339 xf340 xf341 xf342 xf 343 xf344 xf345 zf346 zf347 if 348
xg333 xg334 xg335 x5336 xg337 xg338 xg339 xg340 xg341 x5342 xg343 xg344 xg345 xg346 xg347 xg348
xh333 xh334 xh335 Ah336 Ah337 xh338 Ah339 xh340 xh341 Ah342 xh343 Ah344 xh345 xh346 Ah347 Ah348
xi333 x±334 xi336 xi336 xi337 xi338 xi339 x±340 zi341 xi342 x±343 xi344 xi345 x±346 x±347 xi348
xj333 xj334 xj336 xj336 xj337 xj338 xj339 xj340 1j341 xj342 xj343 xj344 xj345 xj346 xj347 xj348
Ak333 xk334 Ak335 Ak336 Ak337 xk338 xk339 xk340 xk341 xk342 Ak343 xk344 xk345 xk346 xk347 Ak348
x1333 x1334 x1335 x1336 x1337 x1338 11339 x1340 x1341 x1342 x1343 x1344 x1345 x1346 x1347 x1348

-.type-. $ -.rho-.;
cards;

- . ............ .. ....
48 ................................. ...................................... . .. ..... . . ..... .. .. .. ...
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. .. .. .. . . . .. . . . . . =0

-1 . . . . . .

.4..............................................................................=

proc netf low
nodedata=noded
arcdata~arcdi
condata~condl
conout~solution

mar
sourcenode~s
sinknode=t
namectrlfl;

proc print data~solution;
sum _jcost_;

V.2 Solution

Solution was not obtained due to computer round off error which caused the matrix to become
singular.
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Appendix W. Case Study - NWSC Multi-Commodity Flow Formulation

W.1 Formulation - Partial Listing For p = 3

options linesize=l2O;
options pagesize=66;
title 'Case Study -- NWSC Multi-Commodity Flow';
title3 'Nodes for Facility Location';

data noded;
input -node_ $ _sd_;
cards;

sl 0
s2 0
s3 0
t 0

title3 'Arcs for Facility Location';
data arcdl;

input -from- $ -to- $ _cost- _capac_ -name- $;
cards;

sl al 0 16 xslal
sl bl 0 16 xslbl
sl cl 0 16 xslcl
sl dl 0 16 xsldl
sl el 0 16 xslel
sl fl 0 16 xslfl
sl gi 0 16 xslgl
sl hl 0 16 xsihl
sl il 0 16 xslil
sl ji 0 16 xsljl
sl ki 0 16 xsiki
sl 11 0 16 xsIll
s2 a2 0 16 xs2a2
s2 b2 0 16 xs2b2
s2 c2 0 16 xs2c2
s2 d2 0 16 xs2d2
s2 e2 0 16 xs2e2
s2 f2 0 16 xs2f2
s2 g2 0 16 xs2g2
s2 h2 0 16 xs2h2
s2 i2 0 16 xs2i2
s2 j2 0 16 xs2j2
s2 k2 0 16 xs2k2
s2 12 0 16 xs212
s3 a3 0 16 xs3a3
s3 b3 0 16 xs3b3

s3 c3 0 16 xs3c3
s3 d3 0 16 xs3d3
s3 e3 0 16 xs3e3
s3 f3 0 16 xs3f3
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s3 g3 0 16 xs3g3
s3 h3 0 16 xs3h3
s3 i3 0 16 xs3i3
s3 j3 0 16 xs3j3
s3 k3 0 16 xs3k3
s3 13 0 16 xs313

al nOl 0 1 xal0l
al n02 60 1 xal02
al n03 60 1 xal03
al n04 32 1 xal04
al nOs 264 1 xalOS

13 n34 64 1 x1334

13 n35 55 1 x1335
13 n36 60 1 x1336
13 n37 244 1 x1337
13 n38 173 1 x1338
13 n39 250 1 x1339
13 n40 298 1 x1340
13 n41 298 1 x1341
13 n42 228 1 x1342
13 n43 300 1 x1343
13 n44 297 1 x1344
13 n45 297 1 x1345
13 n46 299 1 x1346
13 n47 230 1 x1347
13 n48 165 1 x1348

nOl t 0 3 xOlt
n02 t 0 3 xO2t
n03 t 0 3 xO3t
n04 t 0 3 xO4t
nOs t 0 3 xO5t
n06 t 0 3 xO6t
n07 t 0 3 xO7t
nO8 t 0 3 xO8t
nO9 t 0 3 xO9t
nlO t 0 3 xIOt
nll t 0 3 x11t
n12 t 0 3 xl2t
n13 t 0 3 xl3t
n14 t 0 3 xl4t
nis t 0 3 xlSt

n16 t 0 3 xl6t
n17 t 0 3 xl7t
n18 t 0 3 xl8t

W-2



n19 t 0 3 x 19t
n20 t 0 3 x20t

n21 t 0 3 x21t

n22 t 0 3 x22t
n23 t 0 3 x23t

n24 t 0 3 x24t

n25 t 0 3 x25t
n26 t 0 3 x26t
n27 t 0 3 x27t

n28 t 0 3 x28t
n29 t 0 3 x29t

n30 t 0 3 x3Ot

n31 t 0 3 x3lt
n32 t 0 3 x32t

n33 t 0 3 x33t
n34 t 0 3 x34t

n35 t 0 3 x35t
n36 t 0 3 x36t

nl37 t 0 3 x37t
n38 t 0 3 x38t
n39 t 0 3 x39t

n40 t 0 3 x4Ot
n41 t 0 3 x41t

n42 t 0 3 x42t
n43 t 0 3 x43t

n44 t 0 3 x44t
n45 t 0 3 x45t
n46 t 0 3 x46t
n47 t 0 3 x47t

n48 t 0 3 x48t
t si 0 Xtsi
t s2 0 xts2

t s3 0 xts3

title3 'Side constraints';
data condi;

input

xal~l xalO2 xa1O3 xalO4 xaiO5 xabS6 xalO7 xabO8 x&109 xailO ra~lli xall2 xall3 xall4 x&l15 xail6
xblOl xblO2 xblO3 xblO4 xblOS xblO6 xblO7 xblO8 xblO9 xbllO xblll xbll2 xbl13 xbll4 xbllS xbll6
xcdOl xclO2 xc1O3 xclO4 xclO5 xcIO6 xcIO7 xc108 xclO9 xcilO xciii xcll2 xci13 rcll4 xc1lS xcl16

xdlOl xdlO2 xdlO3 xdiO4 idlOS xdlO6 xdIO? xdiO8 xdlO9 xdilO xdili xdil2 xdll3 xdii4 xdIlS xdli6
x*l0l xelO2 xe103 xelO4 xelOS xelO6 xelO? xeiO8 xelO9 xellO xelil xel12 xell3 xel14 xeilS x61l6
xfl~ r10 102 xf103 xflO4 xflOS xfiO6 rflO7 xfiO8 xfl109 xf110 xfIII xfl 12 xfll3 Xfll4 Irfll15 xfl116
xglOl xglO2 xglO3 xglO4 xg105 xglO6 xgiO7 rglO8 xglO9 rgllO xgill xgll2 xg113 xgll4 xgllS xg116

xhiOl xh1O2 xh1O3 xh1O4 ihlOS xIMOS xh1O7 rhlO8 xhlO9 xhilO rhIll xhll2 xhll3 xhll4 rhilS rhil6
xil~l xi1O2 xilO3 xilO4 xilOS xilO6 xilO? xiiO8 xilO9 xillO xill xi112 xii13 xi1l4 xiliS xiil6

xjiOl xjlO2 xjlO3 xj1O4 xJ1O5 xjlO6 xjiO7 xjlO8 xjlO9 xjilO xjlll xjil2 xjil3 xjil4 xjll5 xjilS
xkiOl AklO2 AklO3 AlO4 xkiO5 AkiO6 xkiO7 AklO8 AklO9 xkIO xkhllI rkl2 A113 xkii4 xkhlS xkil6
x1l01 x1102 x1103 x1104 x1lOS x1i6 x11O7 x1lO8 x1109 rubI xllii x1112 x1113 x1114 xllIS x1116

xa2i? xa218 xa219 xa22O xa221 xa222 xa223 xa224 xa225 xa226 xa227 xa228 xa229 xa230 xa231 xa232
xb2l? xb218 xb219 xb220 xb221 xb222 xb223 xb224 xb225 xb226 xb227 xb228 xb229 xb230 xb231 xb232

=c2l7 xc218 xc219 xc22O xc221 xc222 xc223 xc224 xc225 xc226 xc227 xc228 xc229 xc230 xc231 xc232
xd2lT xd218 xd219 xd22O xd221 xd222 xd223 xd224 xd225 xd226 xd227 xd228 xd229 xd230 xd231 xd232
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xe217 xe218 xe219 xe220 xe221 xe222 xe223 xe224 xe225 xe226 xe227 xe228 x6229 xe230 x0231 xe232
xf217 xf218 xf219 r f220 xf221 xf222 xf223 xf224 xf225 xf226 xf227 Xf228 xf229 xf230 xf231 Xf232
xg217 xg 2 18 

xg219 xg220 xg221 xg
2 2 2 

xg223 xg224 xg225 xg226 xg227 xg228 xg229 xg230 xg231 xg232
xh217 xh218 xh219 xh220 xh221 sh222 xh223 Ah224 xh225 h226 xh227 xh228 xh229 h230 h231 xh232
xi217 xi218 xi219 xi220 xi221 xi222 xi223 xi224 xi225 xi226 xi227 xi228 xi229 xi230 xi231 xi232
xj217 xj218 xj219 xj220 xj221 xj222 xj223 xj224 xj225 xj226 xj227 xj228 xj229 xj230 xj231 xj232
xk217 xk218 xk219 Ak220 xk221 xk222 xk223 Ak224 xk225 xk226 xk227 xk228 xk229 xk230 xk231 xk232
x1217 x1218 x1219 x1220 x1221 x1222 x1223 x1224 x1225 x1226 x1227 x1228 x1229 x1230 x1231 X1232
xa333 xa334 xa335 xa336 xa337 xa338 xa339 xa340 xa341 xa342 xa343 xa344 xa345 xa346 xa347 xa348
xb333 xb334 xb335 xb336 xb337 xb338 xb339 xb340 xb341 xb342 xb343 xb344 xb345 xb346 xb347 xb348
xc333 xc334 xc335 xc336 xc337 xc338 xc339 xc340 xc341 xc342 xc343 xc344 xc345 xc346 xc347 xc348

xd333 xd334 xd335 xd336 xd337 xd338 xd339 xd340 xd341 xd342 xd343 xd344 xd345 xd346 xd347 xd348
xe333 xe334 xe335 xe336 xe337 xe338 xe339 xe340 xe341 xe342 xe343 xe344 xe345 xe346 x*347 xe348
xf333 xf334 xf335 xf336 xf337 rf338 sf339 xf340 sf341 xf342 xf343 xf344 xf345 xf346 rf347 xf348
xg333 xg334 xg335 xg336 xg337 xg338 xg

3 3 9 
xg340 xg341 xg 3 4 2 

xg343 xg344 xg345 xg346 xg347 xg348
xh333 xh334 xh335 xh336 Ah337 xh338 xh339 xh340 Ah341 xh342 xh343 xh344 xh345 h346 h347 xh348

xi333 xi334 xi335 zi336 zi337 xi338 xi339 xi340 xi341 xi342 xi343 xi344 xi345 xi346 xi347 xi348
xj333 xj334 xj335 xj336 xj337 xj338 xj339 xj340 xj

3 4
1 xj342 xj343 xj344 xj345 xj346 xj347 xj348

xk333 xk334 xk335 sk336 xk337 xk338 xk339 k340 xk341 xk342 Ak343 xk344 xk345 xk346 xk347 k348
x1333 x1334 x1335 x1336 x1337 x1338 x1339 x1340 x1341 x1342 x1343 x1344 x1345 x1346 x1347 x1348

xtsl xts2 xts3
xslal xslbl xslcl xsldl xsalel xslfl xslgl xslhl xslil xsljl xslkl xsi11
xsla2 xs2b2 xs2c2 xs2d2 xs2e2 xs2f2 xs2g2 xs2h2 xs2i2 xs2j2 xs2k2 xs212
xs3a3 xs3b3 xs3c3 xs3d3 xs3e3 xs3f3 xs3g3 xs3h3 xs3i3 xs3j3 xs3k3 xs313 -type- $ _rhs_;

cards;

Arc Restricting Constraints

16 .............. ................ 16 ............ ................ 16 ........ ..............
S. . 16 ............ .... 16 ..................... 16 ...............

S...... 16 ............ ................ 16 .......... ................ 16 ... ........
S......... 16 .......... ................ 16 .......... ................ 16 ....

-1

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .e .O

16. ............ ................. 16. ............ ................ 16. .... ............
S.. ..... ................. 16. ............. ................ 16. ...........

.. 16. .............. . ............... 16. ............. ................ 16. ........
S. 16. ............. ................ 16. .......... .... ................ 16 . . .

-1

.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . le 0

Eo,'; Di. ,LfibL,;n• of Flow Constraints
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16 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
. I . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

-1 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . eq 0

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 16 . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
I . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
. . . . . . . . . . . . . . . . . . . . . I . . . . . . . . . . . . . . . . . . . . . . . . . .
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . eq 0

If State i, then State i + 1, 2, etc.

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
. . . . . . . . . . . . . . . . . . . . . . I . . . . . . . . . . . . . . . . . . . . . . . . .
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

-1 . . . . . . . . . . . 1 . . . . . . . . . . . . . . . . . . . . . . . eq 0

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . I . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
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-1 .1...... 1.......1... I ........... eq 0

Flow along like arcs in different states

"-1 ... . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . q . 0

.1 ... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
. . . . . . . . . . . . . . . . . . . . . . . . . . . I . . . . . . . .. . .q .0

proc net! low
nodedata~noded
arcdata~axcdl
condata~condi
conout=solut ion
tax
zourcenodens
s inknodefl
naaectrl=1;

proc print data~solut ion;
sum _jcost_.;
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W. 2 Solution for p = 1

OBS -FRON- -TO- -COST- _CAPAC_ _LO_ -NAME- -SUPPLY- _DENAED_ -FLOW- _FCOST_ _RCOST_ _AIUNB_ _TIUNB_ -STATUS-

1 a1 al 0 16 0 MSIA 0 0 2 1 KEY-ARC BASIC
2 s2 a2 0 16 0 XS2A2 0 0 15 14 KEY-ARC BASIC
3 s3 a3 0 16 0 1S3A3 0 0 28 27 KEY-ARC BASIC
4 sl bl 0 16 0 XSIB1 0 0 3 1 KEY-ARC BASIC
5 s2 b2 0 16 0 XS2B2 0 0 16 14 KEY_,C BASIC
6 s3 b3 0 16 0 XS3B3 0 0 29 27 KEY-ARC BASIC
7 sl cl 0 16 0 ISiCi 16 0 4 1 KEYARC BASIC
8 s2 c2 0 16 0 XS2C2 16 0 17 14 KEY-ARC BASIC
9 s3 c3 0 16 0 XS3C3 16 0 30 27 KEY-ARC BASIC

10 s1 dl 0 16 0 SID1 0 0 5 1 KEY-ARC BASIC
11 s2 d2 0 16 0 IS2D2 0 0 18 14 KEY-ARC BASIC
12 s3 d3 0 16 0 IS3D3 0 0 31 27 KEY-ARC BASIC
13 sl el 0 16 0 XSIEl 0 0 6 1 KEY-ARC BASIC
14 s2 e2 0 16 0 XS2E2 0 0 19 14 KEY-ARC BASIC
15 s3 e3 0 16 0 XS3E3 0 0 32 27 KEY-ARC BASIC
16 sl U1 0 16 0 ISIF 0 0 7 1 KEY-ARC BASIC
17 s2 f2 0 16 0 IS2F2 0 0 20 14 KEY-ARC BASIC
18 s3 f3 0 16 0 XS3F3 0 0 33 27 KEY-ARC BASIC
19 81 81 0 16 0 XSIGi 0 0 8 1 KEY-ARC BASIC
20 s2 g2 0 16 0 XS2G2 0 0 21 14 KEYARC BASIC
21 s3 g3 0 16 0 XS3G3 0 0 34 27 KEY-ARC BASIC
22 sl hl 0 16 0 XSIH1 0 0 9 1 KEYARC BASIC
23 s2 h2 0 16 0 IS2H2 0 0 22 14 KEY-ARC BASIC
24 s3 h3 0 16 0 IS3M3 0 0 35 27 KEY-ARC BASIC
25 sl il 0 16 0 xSI1 0 0 10 1 KEY-ARC BASIC
26 s2 i2 0 16 0 XS212 0 0 23 14 KEY-ARC BASIC
27 s3 i3 0 16 0 XS313 0 0 36 27 KEY-ARC BASIC
28 sl jI 0 16 0 ISIJ1 0 0 11 1 KEYARC BASIC
29 s2 j2 0 16 0 XS2J2 0 0 24 14 ZEYARC BASIC
30 s3 j3 0 16 0 XS3J3 0 0 37 27 NONKEY ARC BASIC
31 .l k1 0 16 0 IS1i1 0 0 12 1 KEY-ARC BASIC
32 s2 k2 0 16 0 XS212 0 0 25 14 KEY-ARC BASIC
33 s3 k3 0 16 0 IS313 0 0 38 27 NONKEY ARC BASIC
34 .l 11 0 16 0 ISIL 0 0 13 1 KEY-ARC BASIC
35 s2 12 0 16 0 XS2L2 0 0 26 14 KEY-ARC BASIC
36 s3 13 0 16 0 XS3L3 0 0 39 27 NOIKEY ARC BASIC
37 al nO1 0 1 0 XAlO1 0 0 40 2 IOIKEY ARC BASIC
38 bl nO1 160 1 0 XB101 0 0 -24 41 3 LOWERBD NOBBASIC
39 cl nO1 108 1 0 xClOl 1 108 42 4 IOIKEY ARC BASIC
40 dl nO1 134 1 0 XD101 0 0 -90 43 5 LOWERBD NOIBASIC
41 el nOl 157 1 0 XEI01 0 0 44 6 DONKEY ARC BASIC
42 fl nO1 148 1 0 XFI01 0 0 -73 45 7 LOWERBD DOIBASIC
43 g1 nO1 157 1 0 XGI01 0 0 -40 46 8 LOWERBD DOUBASIC
44 hl nO1 155 1 0 IHI01 0 0 -52 47 9 LOWERBD 1OUBISIC
45 ii nO1 167 1 0 11101 0 0 48 10 KEYARC BASIC
46 j1 nO1 165 1 0 V1301 0 0 49 11 DONKEY ARC BASIC
47 k1 nO1 90 1 0 11101 0 0 -209 50 12 LOWERBD NONBASIC
48 11 nO1 70 1 0 IL101 0 0 -259 51 13 LOWERBD IDUBASIC
49 al n02 60 1 0 ZA102 0 0 52 2 KEY-ARC BASIC
50 bl n02 60 1 0 XB102 0 0 -4 53 3 LOWERBD IOIBASIC
51 cl n02 60 1 0 IC102 1 60 54 4 DONKEY ARC BASIC
52 dl n02 60 1 0 XD102 0 0 -8 55 5 LOWERBD IONBASIC
53 el n02 60 1 0 XE102 0 0 56 6 IOIKEY ARC BASIC
54 fl n02 60 1 0 XF102 0 0 -16 57 7 LOWERBD DOIBASIC

56 51 n02 60 1 0 XG102 0 0 -8 58 8 LOWERBD IONBASIC
56 hl n02 60 1 0 XH102 0 0 59 9 DONKEY ARC BASIC
57 ii n02 60 1 0 11102 0 0 60 10 NOIKEY ARC BASIC
58 ji n02 6n 1 0 X3102 0 0 -1 61 11 LOWERED DOUBASIC
89 k1 n02 60 1 0 X1102 0 0 -131 62 12 LOWERBD UOIBASIC
60 11 n02 60 1 0 IL102 0 0 -165 63 13 LOWERBD NOIBASIC
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OBS -FRO. -TO- -COST- _CAPAC_ _LO_ -NAME- -SUPPLY- _DEKAKD_ .FLOW- _FCOST_ _RCOST_ -AIMB- _TUDUNB_ -STATUS-

61 al nO3 60 1 0 XA103 0 0 64 2 KEY-ARC BASIC
62 bi nO3 49 1 0 IBI03 0 0 65 3 DONKEY ARC BASIC
63 ci nO3 60 1 0 1C103 1 60 919 66 4 UPPERED NOIBASIC
64 dl n03 60 1 0 XD103 0 0 67 5 NONKEY ARC BASIC
65 el n03 42 1 0 XE103 0 0 -18 68 6 LOWERBD DONBASIC
66 fl n03 60 1 0 XF103 0 0 -6 69 7 LOWERBD DONBASIC
67 gl n03 59 1 0 IG103 0 0 70 8 DONKEY ARC BASIC
68 hl n03 60 1 0 IBI03 0 0 71 9 DONKEY ARC BASIC
69 ii n03 51 1 0 11103 0 0 72 10 DORKEY ARC BASIC
70 j1 n03 45 1 0 IJ103 0 0 -8 73 11 LOWERBD NOIBASIC
71 kl n03 60 1 0 X1103 0 0 -127 74 12 LOWERBD DONBASIC
72 11 n03 60 1 0 IL103 0 0 -157 75 13 LOWERBD NONBASIC
73 al n04 32 1 0 XA104 0 0 -451 76 2 LOWERED DOIBASIC
74 bi n04 60 1 0 IB104 0 0 -60 77 3 LOWERED NONBASIC
75 cl n04 60 1 0 IC104 1 60 78 4 DONKEY ARC BASIC
76 dl n04 60 1 0 XD104 0 0 -30 79 5 LOWERBD DONBASIC
77 el n04 60 1 0 XE104 0 0 -60 80 6 LOWERBD DOUBASIC
78 fl n04 90 1 0 XF104 0 0 81 7 KEYARC BASIC
79 gI n04 90 1 0 IG104 0 0 82 8 DORKEY ARC BASIC
80 hl n04 90 1 0 XH104 0 0 0 83 9 LOWERBD NOSBASIC
81 ii nO4 88 1 0 II04 0 0 84 10 NOJKEY ARC BASIC
82 j1 nO4 60 1 0 XJ104 0 0 -16 85 11 LOWERBD NOUBASIC
83 k1 n04 60 1 0 X1104 0 0 -150 86 12 LOWERBD NONBASIC
84 11 n04 60 1 0 XL104 0 0 -180 87 13 LOWERBD DONBASIC
85 al nOs 264 1 0 Ill0s 0 0 88 2 KEY-ARC BASIC
86 bl nOS 156 1 0 IB105 0 0 -87 89 3 LOWERBD NODBASIC
87 cl nOs 242 1 0 IClOS 1 242 90 4 DONKEY ARC BASIC
88 dl nO5 203 1 0 DI05 0 0 91 5 DONKEY ARC BASIC
89 el nO5 162 1 0 XEIO5 0 0 -12 92 6 LOWERBD NONBASIC
90 ft nOs 178 1 0 IF105 0 0 93 7 DONKEY ARC BASIC
91 gl nOs 162 1 0 G1005 0 0 -34 94 8 LOWERBD 1ONBASIC
92 hl nOs 169 1 0 XHIO5 0 0 -59 95 9 LOWERBD NONBASIC
93 ii nOs 150 1 0 HIM15 0 0 -12 96 10 LOWERBD NONBASIC
94 jI nOS 150 1 0 3I105 0 0 97 11 DONKEY ARC BASIC
95 k1 nOs 238 1 0 II05 0 0 -46 98 12 LOWERBD DOUBASIC
96 11 nOS 241 1 0 ILIOS 0 0 -73 99 13 LOVERBD FORBASIC
97 al nO6 300 1 0 XA106 0 0 100 2 KEYARC BASIC
98 bl nO6 157 1 0 XB106 0 0 -37 101 3 LOWERBD NONBASIC
99 c1 nO6 218 1 0 XCI06 1 218 102 4 DONKEY ARC BASIC

100 dl nO6 185 1 0 XD106 0 0 103 5 DONKEY ARC BASIC
101 .1 nO6 155 1 0 IE106 0 0 -34 104 6 LOWERBD NOUBASIC
102 11 nO6 171 1 0 XF106 0 0 -17 105 7 LOWERBD DONBASIC
103 gl nO6 160 1 0 XG106 0 0 106 8 DOMKEY ARC BASIC
104 hl nO6 165 1 0 XH106 0 0 -25 107 9 LOWERBD DOIBASIC
105 ii n06 149 1 0 XI106 0 0 -4 108 10 LOWERBD DONBASIC
106 j1 n06 152 1 0 1J106 0 0 109 11 DONKEY ARC BASIC
107 ki n06 239 1 0 XK106 0 0 -64 110 12 LOWERBD DONBASIC
108 11 n06 287 1 0 XL106 0 0 -29 111 13 LOWERED IONBASIC
109 al nO7 300 1 0 XA107 0 0 112 2 KEY-ARC BASIC
110 bl n07 188 1 0 XB107 0 0 -72 113 3 LOWERBD NODBASIC
111 cl n07 292 1 0 IC107 1 292 114 4 DONKEY ARC BASIC
112 dl n07 229 1 0 ID107 0 0 115 5 DONKEY ARC BASIC
113 el n07 189 1 0 IE107 0 0 -68 116 6 LOWERBD DONBASIC
114 fl nO7 202 1 0 IF107 0 0 -38 117 7 LOWERBD DOIBASIC
115 gi nO7 192 1 0 XG107 0 0 -59 118 8 LOWERBD DOSBASIC
116 hl n07 196 1 0 XR107 0 0 -30 119 9 LOWERBD 1ONBASIC
117 il n07 175 1 0 11107 0 0 -5 120 10 LOWERED DONBASIC
118 jI n07 180 1 0 XJ107 0 0 121 11 DONKEY ARC BASIC
119 ki nO7 292 1 0 11107 0 0 -22 122 12 LOWERBD DONBASIC
120 11 nO7 300 1 0 ILl07 0 0 -44 123 13 LOWERBD NONBASIC

W-8



OBS -FROM- -TO- -COST- _CAPAC_ _LO_ -WANE- -SUPPLY- -DENAND- _FLOV- _FCOST_ _RCOST_ _ANUMB_ _TWU1B_ _STATUS.

121 a& n08 300 1 0 1A108 0 0 -158 124 2 LOWERBD NOWBASIC
122 bI nRO 190 1 0 IB108 0 0 -27 125 3 LOWERBD NONBASIC
123 c1 nO8 272 1 0 XC108 1 272 126 4 DONKEY ARC BASIC
124 dl nO8 228 1 0 ID108 0 0 127 5 2OKEY ARC BASIC
125 el n08 193 1 0 XE108 0 0 -48 128 6 LOWERBD DIOBASIC
126 fl nR8 209 1 0 XF108 0 0 129 7 DONKEY ARC BASIC
127 gl nO8 195 1 0 XG108 0 0 -51 130 8 LOWERBD NOUBASIC
128 hl nOB 202 1 0 X1108 0 0 -31 131 9 LOWERBD NONBASIC
129 ii nOB 183 1 0 XI108 0 0 -5 132 10 LOWERBD NOZBASIZ
130 jl nR8 187 1 0 IJ108 0 0 133 11 DONKEY ARC BASIC
131 kl nO8 300 1 0 11108 0 0 134 12 DONKEY ARC BASIC
132 11 nO8 351 1 0 IL108 0 0 135 13 KEYIRC BASIC
133 al nO9 300 1 0 XA109 0 0 136 2 XEYIAC BASIC
134 bi nO9 156 1 0 1B109 0 0 -23 137 3 LOWERBD NONBASIC
135 ci n09 213 1 0 XC109 1 213 138 4 DONKEY ARC BASIC
136 dl nO9 179 1 0 ID109 0 0 139 5 DONKEY ARC BASIC
137 el nO9 158 1 0 XE109 0 0 -62 140 6 LOWERED NONBASIC
138 fl nO9 169 1 0 XF109 0 0 -29 141 7 LOVERBD NOIBISIC
139 gl n09 159 1 0 XG109 0 0 -40 142 8 LOWERBD NONBASIC
140 hl nO9 159 1 0 X1109 0 0 -26 143 9 LOWERED 1ONBASIC
141 il nO9 150 1 0 109 0 0 -13 144 10 LOGEREBD NONBISIC
142 jI n09 142 1 0 13109 0 0 -16 145 11 LOWERBD DONBASIC
143 kI nO9 227 1 0 11109 0 0 -81 146 12 LOWERBD NONBASIC
144 11 n09 261 1 0 IL109 0 0 -77 147 13 LOWERBD NONBASIC
145 al nlO 300 1 0 IAl1o 0 0 148 2 KEYARC BASIC
146 bl nlO 156 1 0 IB110 0 0 -74 149 3 LOVERED NONBISIC
147 c1 nlO 217 1 0 ICilO 1 217 150 4 RODKEY ARC BASIC
148 dl RlO 184 1 0 IDI1O 0 0 151 5 DONKEY ARC BASIC
149 el nlO 158 1 0 IE110 0 0 -33 152 6 LOWERED NONBASIC
150 fl RlO 171 1 0 IFl10 0 0 153 7 DONKEY ARC BASIC
151 gl nlO 158 1 0 IGilO 0 0 -83 154 8 LOWEREBD ADBBASIC
152 hl nlO 163 1 0 Hl10 0 0 -34 155 9 LOWERBD NOnBASIC
153 il RlO 149 1 0 11110 0 0 -14 156 10 LOWERED NOBBASIC
154 ji RlO 151 1 0 13110 0 0 157 11 DONKEY ARC BASIC
155 ki RlO 241 1 0 11110 0 0 -44 158 12 LOWERBD NONBLSIC

156 11 RIO 288 1 0 ILl10 0 0 -27 159 13 LOWERBD NONBASIC
157 al nil 300 1 0 IAlIl 0 0 -69 160 2 LOEREID NONBASIC
158 bi nil 180 1 0 I111 0 0 -111 161 3 LOWERED NOnBASIC
159 c1 nil 295 1 0 ICilI 1 295 162 4 DONKEY ARC BASIC
160 dl nil 237 1 0 IDlIl 0 0 163 5 DONKEY ARC BASIC
161 el nil 180 1 0 IEllI 0 0 -34 164 6 LOWERBD 1ONBASIC
162 fl nil 189 1 0 IFlIl 0 0 -24 165 7 LOWERBD NONBASIC
163 gl nil 180 1 0 IGIIl 0 0 -64 166 8 LOWERED NONBASIC
164 hi nil 180 1 0 I111 0 0 -54 167 9 LOWERBD vOnBASIC
165 il nil 180 1 0 ill 0 0 168 10 DONKEY ARC BASIC
166 jl nil 168 1 0 Illl 0 0 -6 169 11 LOWERBD IONBASIC
167 kl nil 300 1 0 11111 0 0 170 12 KEYARC BASIC
168 11 nll 300 1 0 ILll 0 0 -38 171 13 LOWERED NONBASIC
169 al n12 300 1 0 1A112 0 0 172 2 KEYIRC BASIC
170 bl n12 188 1 0 1B112 0 0 -52 173 3 LOWERBD NONBASIC
171 cl n12 289 1 0 XC112 1 289 174 4 DONKEY ARC BASIC
172 dl n12 235 1 0 XD112 0 0 175 5 DONKEY ARC BASIC
173 el n12 198 1 0 1E112 0 0 -68 176 6 LOWERBD NONBASIC
174 fl n12 212 1 0 1F112 0 0 -51 177 7 LOVERBD NONBASIC
175 gl n12 200 1 0 XG112 0 0 -60 178 8 LOWERED NONBASIC
176 hl n12 208 1 0 X1112 0 0 -34 179 9 LOWERBD NONBASIC
177 il n12 181 1 0 11112 0 0 -27 180 10 LOWERBD NONBASIC
178 jI n12 182 1 0 Xj112 0 0 181 11 DONKEY ARC BASIC
179 ki n12 295 1 0 11112 0 0 -21 182 12 LOWERED NONBASIC
180 I1 n12 300 1 0 IL112 0 0 -46 183 13 LOWERED iOnBASIC
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181 al n13 300 1 0 XA113 0 0 184 2 KEY-ARC BASIC
182 bl n13 191 1 0 XB113 0 0 185 3 IOIKEY ARC BASIC
183 c1 n13 291 1 0 IC113 1 291 186 4 NONKEY ARC BASIC
184 dl n13 238 1 0 XD113 0 0 187 5 DONKEY ARC BASIC
185 el n13 191 1 0 XE113 0 0 -19 188 6 LOWERBD DONBASIC
186 fl n13 209 1 0 XF113 0 0 189 7 DONKEY ARC BASIC
187 gl n13 193 1 0 X6113 0 0 -47 190 8 LOWERED DONBASIC
188 hl n13 199 1 0 XH113 0 0 -17 191 9 LOWERED NONBASIC
189 ii n13 180 1 0 XIi13 0 0 -16 192 10 LOVERBD NONBASIC
190 jl n13 184 1 0 Xj113 0 0 193 11 DONKEY ARC BASIC
191 ki n13 293 1 0 IK113 0 0 -11 194 12 LOWERBD NONBISIC
192 11 n13 299 1 0 XL113 0 0 -35 195 13 LOWERED NOUBASIC
193 al n14 300 1 0 XA114 0 0 196 2 KEY-ARC BASIC
194 bl n14 180 1 0 XB114 0 0 -2 197 3 LOWERED NONBASIC
195 cl n14 293. 1 0 XC114 1 293 198 4 NONKEY ARC BASIC
196 dl n14 220 1 0 XD114 0 0 199 5 NONKEY ARC BASIC
197 el n14 184 1 0 XE114 0 0 -17 200 6 LOWERED NONBASIC
198 fl n14 200 1 0 XF114 0 0 . 201 7 NONKEY ARC BASIC
199 gl n14 188 1 0 XG114 0 0 -45 202 8 LOWERED NONBASIC
200 hI n14 193 1 0 X1114 0 0 -28 203 9 LOWERED NONBASIC
201 ii n14 173 1 0 X1114 0 0 204 10 DONKEY ARC BASIC
202 ji n14 175 1 0 XJ114 0 0 205 11 NONKEY ARC BASIC
203 kl n14 298 1 0 1K114 0 0 -11 206 12 LOWERBD NONBASIC
204 11 n14 300 1 0 IL114 0 0 -25 207 13 LOWERBD NONBASIC
205 al n1s 300 1 0 MA115 0 0 208 2 KEY-ARC BASIC
206 bl nlS 184 1 0 XB115 0 0 209 3 IONKEY ARC BASIC
207 cl n15 290 1 0 XClis 1 290 210 4 DONKEY ARC BASIC
208 dl nMS 224 1 0 XDl15 0 0 211 5 DONKEY ARC BASIC
209 el nMS 186 1 0 ME1IS 0 0 -40 212 6 LOWERBD NONBASIC
210 fl n15 202 1 0 XF115 0 0 -23 213 7 LOWERED NONBASIC
211 gl n1S 188 1 0 M611S 0 0 -42 214 8 LOWERBD NONBASIC
212 hl n16 192 1 0 MI115 0 0 -25 215 9 LOWERBD NOIBASIC
213 it nMS 174 1 0 MI15 0 0 -14 216 10 LOWERBD NOIBASIC
214 j1 nMS 176 1 0 Kil15 0 0 -10 217 11 LOWERBD NONBASIC
215 kl nMS 294 1 0 MKIlS 0 0 -40 218 12 LOWERED NONBASIC
216 11 nMS 298 1 0 ILl15 0 0 -66 219 13 LOWERED NONBASIC
217 al n16 300 1 0 IAll16 0 0 . 220 2 KEYARC BASIC
218 bl n16 180 1 0 XB116 0 0 -73 221 3 LOWERBED NONBASIC
219 cl n16 292 1 0 XC116 1 292 222 4 DONKEY ARC BASIC
220 dl nM6 219 1 0 1D116 0 0 223 5 DONKEY ARC BASIC
221 el n16 183 1 0 XE116 0 0 -60 224 6 LOWERED NONBASIC
222 fl n16 199 1 0 XF116 0 0 . 225 7 RONKEY ARC BASIC
223 gl n16 186 1 0 XG116 0 0 -75 226 8 LOWERED NONBASIC
224 hl nM6 190 1 0 XH116 0 0 -59 227 9 LOWERED NORBASIC
225 ii xk16 171 1 0 XI116 0 0 -42 228 10 LOWERED NONBASIC
226 ji n16 173 1 0 XJ116 0 0 -30 229 11 LOWERBD NONBASIC
227 kl n16 294 1 0 XK116 0 0 -43 230 12 LOWERBD NONBASIC
228 11 n16 299 1 0 XL116 0 0 -82 231 13 LOWERED NONBASIC
229 a2 n17 0 1 0 XA217 0 0 232 15 DONKEY ARC BASIC
230 b2 n17 146 1 0 XB217 0 0 233 16 DONKEY ARC BASIC
231 c2 n17 73 1 0 1C217 1 73 234 17 DONKEY ARC BAS7C
232 d2 n17 112 1 0 XD217 0 0 -33 235 18 LOWERED NONBASIC
233 e2 n17 144 1 0 XE217 0 0 -34 236 19 LOWERED NORBAsIC
234 f2 n17 129 1 0 1F217 0 0 237 20 DONKEY ARC BASIC
235 g

2  
n17 140 1 0 XG217 0 0 238 21 DONKEY ARC BASIC

236 h2 n17 135 1 0 XH217 0 0 239 22 DONKEY ARC BASIC
237 i2 n17 154 1 0 X1217 0 0 240 23 KEY-ARC BASIC
238 j2 n17 152 1 0 13217 0 0 -4 241 24 LOWERED NONBASIC
239 k2 n17 38 1 0 XK217 0 0 -229 242 25 LOWERBD NONBASIC
240 12 n17 0 1 0 XL217 0 0 -50000167 243 26 LOWERBD DONBASIC
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241 a2 ul8 0 1 0 1A218 0 0 -535 244 15 LOVEBBD IOIBASIC

242 b2 nIS 168 1 0 IB218 0 0 245 16 IONKEY ARC BASIC

243 c2 RIB 122 1 0 XC218 1 122 246 17 DONKEY ARC BASIC

244 d2 n18 146 1 0 XD218 0 0 -19 247 18 LOWERBD NONBASIC

245 .2 un8 169 1 0 XE218 0 0 -3 248 19 LOWERBD NOIBASIC

246 12 n18 156 1 0 XF218 0 0 249 20 DOIKEY ARC BASIC

247 g
2  n18 164 1 0 XG218 0 0 250 21 DONKEY ARC BASIC

248 h2 nIS 160 1 0 1X218 0 0 251 22 DONKEY ARC BASIC

249 i2 n18 176 1 0 11218 0 0 252 23 KEY-ARC BASIC

250 j2 n18 175 1 0 13218 0 0 253 24 DONKEY ARC BASIC

251 k2 n18 107 1 0 1K218 0 0 -179 254 25 LOVERBD NONBASIC

252 12 n18 91 1 0 XL218 0 0 -500000095 255 26 LOWERBD NONBASIC

253 a2 n19 0 1 0 XA219 0 0 -542 256 15 LOVERBD NORBASIC

254 b2 n19 182 1 0 1B219 0 0 -13 257 16 LOWEDBD NONBASIC

255 c2 n19 151 1 0 XC219 1 151 258 17 FONKEY ARC BASIC

256 d2 n19 166 1 0 XD219 0 0 -8 259 18 LOWERED DONBASIC

257 *2 n19 180 1 0 XE219 0 0 260 19 DONKEY ARC BASIC

258 f2 n19 174 1 0 XF219 0 0 261 20 DONKEY ARC BASIC

259 g2 n19 180 1 0 1G219 0 0 262 21 DONKEY ARC BASIC

260 h2 n19 177 1 0 11219 0 0 -2 263 22 LOWERBD NONBASIC

261 i2 n19 187 1 0 X1219 0 0 264 23 KEY-ARC BASIC

262 j2 n19 185 1 0 X3219 0 0 265 24 DONKEY ARC BASIC

263 k2 n19 144 1 0 XK219 0 0 -152 266 25 LOWERBD DONBASIC

264 12 n19 135 1 0 XL219 0 0 -500000061 267 26 LOWERED iONBASIC

265 a2 n20 60 1 0 XA220 0 0 268 15 KEYARC BASIC

266 b2 n20 60 1 0 XB220 0 0 269 16 DONKEY ARC BASIC

267 c2 u20 60 1 0 XC220 1 60 270 17 DONKEY ARC BASIC

268 d2 n20 60 1 0 ID220 0 0 271 18 DONKEY ARC BASIC

269 s2 n20 60 1 0 XE220 0 0 272 19 DONKEY ARC BASIC

270 f2 n20 60 1 0 XF220 0 0 273 20 DONKEY ARC BASIC

271 g2 n20 60 1 0 XG220 0 0 C 274 21 LOWERBD NOIBASIC

272 h2 n20 60 1 0 X1220 0 0 275 22 DONKEY ARC BASIC

273 i2 n20 60 1 0 X1220 0 0 276 23 DORKEY ARC BASIC

274 j2 n20 60 1 0 XJ220 0 0 -12 277 24 LOVERBT NONBASIC

275 k2 n20 60 1 0 XK220 0 0 -123 278 25 LOWERBD DONBASIC

276 12 n20 60 1 0 XL220 0 0 -500000023 279 26 LOWERBD NONBASIC

277 a2 n21 36 1 0 XA221 0 0 -422 280 15 LOWERBD NONBASIC

278 b2 n21 187 1 0 XB221 0 0 281 16 DONKEY ARC BASIC

279 c2 n21 207 1 0 XC221 1 207 282 17 DONKEY ARC BASIC

280 d2 n21 212 1 0 XD221 0 0 283 18 DONKEY ARC BASIC

281 .2 n21 ;01 1 0 XE221 0 0 -62 284 19 LOWERBD IONBASIC

282 f2 n21 215 1 0 XF221 0 0 285 20 NONKEY ARC BASIC

283 g
2  n21 219 1 0 XG221 0 0 286 21 KEY-ARC BASIC

284 h2 n21 217 1 0 X1221 0 0 287 22 DONKEY ARC BASIC

285 i2 n21 164 1 0 X1221 0 0 -65 288 23 LOWERBD IONBASIC

286 j2 n21 170 1 0 XJ221 0 0 -71 289 24 LOWERBD NONBASIC

287 k2 n21 203 1 0 XK221 0 0 -149 290 25 LOWERED DONBASIC

288 12 n21 200 1 0 XL221 0 0 -500000052 291 26 LOWERBD DONBASIC

289 a2 n22 61 1 0 XA222 0 0 -340 292 15 LOWERBD NONBASIC

290 b2 n22 224 1 0 XB222 0 0 293 16 KEY-ARC BASIC

291 c2 n22 197 1 0 XC222 1 197 294 17 IONKEY ARC BASIC

292 d2 n22 212 1 0 XD222 0 0 295 18 DONKEY ARC BASIC

293 .2 n22 214 1 0 XE222 0 0 296 19 DONKEY ARC BASIC

294 f2 n22 212 1 0 1F222 0 0 297 20 WONKEY ARC BASIC

295 g2 n22 211 1 0 XG222 0 0 -32 298 21 LOWERBD NONBASIC

296 h2 n22 212 1 0 XB222 0 0 299 22 DONKEY ARC BASIC

297 12 n22 213 1 0 X1222 0 0 300 23 DONKEY ARC BASIC

298 j2 n22 214 1 0 13222 0 0 301 24 DONKEY ARC BASIC

299 k2 n22 196 1 0 XK222 0 0 -129 302 25 LOWERBD NONBASIC

300 12 n22 190 1 0 XL222 0 0 -500000035 303 26 LOWERBD NONBASTC
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301 a2 n23 300 1 0 IA223 0 0 304 15 KEYARC BASIC
302 b2 n23 240 1 0 1B223 0 0 305 16 MONKEY ARC BASIC
303 c2 &23 251 1 0 IC223 1 251 306 17 BONKEY ARC BASIC
304 d2 .23 246 1 0 ID223 0 0 -8 307 18 LOVERBD NONBASIC
305 e2 n23 238 1 0 IE223 0 0 308 19 BONKEY ARC BASIC
306 f2 a23 242 1 0 XF223 0 0 309 20 MONKEY ARC BASIC
307 g2 &23 240 1 0 1G223 0 0 310 21 BONKEY ARC BASIC
308 h2 n23 241 1 0 XH223 0 0 -4 311 22 LOVERBD NOIBASIC
309 i2 n23 237 1 0 X1223 0 0 312 23 MONKEY ARC BASIC
310 j2 &23 237 1 0 IJ223 0 0 313 24 MONKEY ARC BASIC
311 k2 n23 256 1 0 1K223 0 0 -92 314 25 LOVERBD DONBASIC
312 12 n23 260 1 0 XL223 0 0 -499999988 315 26 LOVERBD NONBASIC
313 &2 n24 300 1 0 X1A224 0 0 316 15 KEYARC BASIC
314 b2 n24 239 1 0 XB224 0 0 317 16 MONKEY ARC BASIC
315 c2 u24 252 1 0 1C224 1 252 318 17 MONKEY ARC BASIC
316 d2 u24 246 1 0 XD224 0 0 -5 319 18 LOVERBD DOBBASIC
317 e2 n24 240 1 0 XE224 0 0 -21 320 19 LOVERBD DOBBASIC
318 f2 n24 243 1 0 IF224 0 0 -28 321 20 LOVERBD DONBASIC
319 g2 n24 240 1 0 XG224 0 0 322 21 BONKEY ARC BASIC
320 h2 n24 241 1 0 11224 0 0 -6 323 22 LOVERBD DOBBASIC
321 i2 a24 238 1 0 X1224 0 0 324 23 MONKEY ARC BASIC
322 j2 n24 239 1 0 13224 0 0 325 24 MONKEY ARC BASIC
323 k2 n24 255 1 0 IK224 0 0 -95 326 25 LOWELBD NONBAFIC
324 12 n24 261 1 0 XL224 0 0 -499999989 327 26 LOWERBD NONBASIC
325 a2 .25 300 1 0 XA225 0 0 -153 328 15 LOWERBD NONB.SIC
326 b2 n2S 214 1 0 XB225 0 0 329 16 MONKEY ARC BASIC
327 c2 m25 290 1 0 XC225 1 290 330 17 MONKEY ARC BASIC
328 d2 n2S 277 1 0 1D225 0 0 331 18 MONKEY ARC BASIC
329 .2 n2S 219 1 0 IE225 0 0 332 19 MONKEY ARC BASIC
330 f2 u25 260 1 0 IF225 0 0 333 20 MONKEY ARC BASIC
331 g2 n25 224 1 0 XG225 0 0 334 21 DONKEY ARC BASIC
332 h2 u25 232 1 0 X1225 0 0 335 22 DONKEY ARC BASIC
333 i2 m25 200 1 0 X1225 0 0 336 23 MONKEY ARC BASIC
334 j2 n2S 205 1 0 XJ225 0 0 33- 24 MONKEY ARC BASIC
335 k2 n25 300 1 0 1K225 0 0 338 25 KEY-ARC BASIC
336 12 n25 300 1 0 IL225 0 0 -499999900 339 26 LOWEIBD NONBASIC
337 a2 n26 300 1 0 XA226 0 0 340 15 KEY-ARC BASIC
338 b2 m26 163 1 0 XB226 0 0 341 16 MONKEY ARC BASIC
339 c2 n26 215 1 0 XC226 1 215 342 17 MONKEY ARC BASIC
340 d2 n26 185 1 0 XD226 0 0 343 18 MONKEY ARC BASIC
341 e2 n26 163 1 0 ZE226 0 0 -41 344 19 LOWERBD IONBASIC
342 f2 a26 173 1 0 XF226 0 0 -41 345 20 LOWERBD NONBASIC
343 g2 u26 166 1 0 XG226 0 0 346 21 MONKEY ARC BASIC
344 h2 u26 169 1 0 1H226 0 0 -21 347 22 LOWERBD NOIBASIC
345 i2 n26 153 1 0 X1226 0 0 -17 -8 23 LOWERBD DORBASIC
346 j2 n26 155 1 0 13226 0 0 -97 349 24 LOWERBD DONBASIC
347 k2 n26 234 1 0 1K226 0 0 -59 350 25 LOWERBD DOBBASIC
348 12 n26 254 1 0 1L226 0 0 -499999939 351 26 LOVERBD NONBASIC
349 a2 m27 300 1 0 X1A227 0 0 352 15 KEYARC BASIC
350 b2 n27 157 1 0 XB227 0 0 353 16 DONKEY ARC BASIC

,1 c2 n27 215 1 0 XC227 1 215 354 17 MONKEY ARC BASIC
v;2 d2 n27 180 1 0 1D227 0 0 355 18 BONNEY ARC BASIC
3,3 e2 n27 155 1 0 ZE227 0 0 -17 356 19 LOWERBD NONBASIC
354 f2 n27 166 1 0 IF227 0 v -16 357 20 LOWERBD NONBASIC
355 g2 a27 154 1 0 XG227 0 0 358 21 DONKEY ARC BASIC
356 h2 n27 158 1 0 X1227 0 0 359 22 DONKEY ARC BASIC
357 U2 n27 144 1 0 11227 0 0 360 23 DONKEY ARC PASIC
358 j2 n27 150 1 0 XJ227 0 0 361 24 DONKEY ARC BASIC
359 k2 n27 232 1 0 XK227 0 0 -29 362 25 LOWERBD NONBASIC
360 12 n27 265 1 0 XL227 0 0 -499999896 363 26 LOWERBD NONBASIC
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361 a2 n28 300 1 0 XA228 0 0 -212 364 15 LOWERBD NOIBASIC
362 b2 n28 245 1 0 XB228 0 0 365 16 BONNEY ARC BASIC
363 c2 n28 296 1 0 XC228 1 296 366 17 BONKEY ARC BASIC
364 d2 n28 288 1 0 ID228 0 0 367 18 BONKEY ARC BASIC
365 e2 n28 251 1 0 IE228 0 0 368 19 BONKEY ARC BASIC
366 f2 n28 280 1 0 IF228 0 0 369 20 BONKEY ARC BASIC
367 g2 n28 255 1 0 IG228 0 0 370 21 KEY-ARC BASIC
368 h2 n28 267 1 0 11228 0 0 -14 371 22 LOWERED NOIBASIC
369 i2 n28 219 1 0 11228 0 0 -42 372 23 LCWERBD ;.OIBASIC
370 j2 n28 224 1 0 XJ228 0 0 -49 373 24 LOWERBD NOIBASIC
371 k2 n28 300 1 0 X1228 0 0 -84 374 25 LOWERBD NOIBASIC
372 12 n28 300 1 0 XL228 0 0 -499999984 375 26 LOWERED IOIBASIC
373 a2 n29 300 1 0 XA229 0 0 -136 376 15 LOWEPPD NONBASIC
374 b2 n29 168 1 0 XB229 0 0 -25 377 16 LOWERBL) NONBASIC
375 c2 n29 243 1 0 XC229 1 243 378 17 BONNEY ARC BASIC
376 d2 n29 202 1 0 XD229 0 0 -7 379 18 LOWERBD lONBASIC
377 e2 n29 173 1 0 XE229 0 0 -33 380 19 LOWERED NONBASIC
378 f2 n29 186 1 0 XF229 0 0 -30 381 20 LOWERBD NONBASIC
379 g2 n29 174 1 0 XG229 0 0 382 21 BONKEY ARC BASIC
380 h2 n29 177 1 0 X1229 0 0 -15 383 22 LOWERED NOIBASIC
381 i2 n29 162 1 0 X1229 0 0 -10 384 23 LOWERBD NOIBASIC
382 j2 n29 162 1 0 1J229 0 0 -22 385 24 LOWERBD NONBASIC
383 k2 n29 295 1 0 X1229 0 0 386 25 KEY-ARC BASIC
384 12 n29 299 1 0 XL229 0 0 -499999896 387 26 LOWERBD IONBISIC
385 a2 n30 300 1 0 XA230 0 0 -79 388 15 LOWERBD NONBASIC
3&6 b2 n30 168 1 0 XB230 0 0 -25 389 16 LOWERBD NONBASIC
387 c2 n30 244 1 0 XC230 1 244 390 17 BONKEY ARC BASIC
388 d2 n30 202 1 0 XD230 0 0 391 18 BONNEY ARC BASIC
389 e2 n30 172 1 0 XE230 0 0 -34 392 19 LOWERBD NONBASIC
390 t2 n30 185 1 0 XF230 0 0 -31 393 20 LOWERBD NONBASIC
391 g2 u30 172 1 0 XG230 0 0 0 394 21 LOWERED NOIBASIC
392 h2 nu3 178 1 0 XH230 0 0 395 22 BONNEY ARC BASIC
393 U2 n30 161 1 0 X1230 0 0 -11 396 23 LOWERBD NONBASIC
394 j2 n30 162 1 0 X3230 0 0 -22 397 24 LOWERBD NOIBASIC
395 k2 n30 295 1 0 XK230 0 0 398 25 KEYARC BASIC
396 12 n30 298 1 0 XL230 0 0 -499999897 399 26 LOWERBD NOIBASIC
397 a2 n31 300 1 0 XA231 0 0 -96 400 15 LOWERBD NONBASIC
398 b2 n31 191 1 0 XB231 0 0 401 16 BONNEY ARC BASIC
399 c2 n31 289 1 0 XC231 1 289 402 17 BONKEY ARC BASIC
400 d2 u31 237 1 0 XD231 0 0 403 18 BONKEY ARC BASIC
401 e2 n31 196 1 0 XE231 0 0 -8 404 19 LOWERBD IONBASIC
402 f2 n31 214 1 0 XF231 0 0 405 20 BONKEY ARC BASIC
403 g2 n31 198 1 0 XG231 0 0 406 21 BONKEY ARC BASIC
404 h2 n31 205 1 0 XH231 0 0 407 22 BONKEY ARC BASIC
405 i2 n31 180 1 0 11231 0 0 408 23 BONKEY ARC BASIC
406 j2 n31 182 1 0 XJ231 0 0 409 24 BONKEY ARC BASIC
407 k2 n31 293 1 0 X1231 0 0 410 25 KEYARC BASIC
408 12 n31 298 1 0 XL231 0 0 -499999895 411 26 LOWERBD NONBASIC
409 a2 n32 300 1 0 XA232 0 0 -203 412 15 LOWERBD NONBASIC
410 b2 n32 181 1 0 XB232 0 0 -12 413 16 LOWERBD NOIBASIC
411 c2 n32 292 1 0 XC232 1 292 414 17 BONKEY ARC BASIC
412 d2 n32 221 1 0 XD232 0 0 415 18 BONKEY ARC BASIC
413 e2 n32 I85 1 0 XE232 0 0 -21 416 19 LOWERBD NONBASIC
414 f2 n32 200 1 0 XF232 0 0 417 20 BONKEY ARC BASIC
415 g2 n32 186 1 0 1G232 0 0 418 21 BONKEY ARC BASIC
416 h2 n32 192 1 0 XH232 0 0 419 22 BONKEY ARC BASIC
417 i2 n32 174 1 0 X1232 0 0 420 23 BONNEY ARC BASIC
418 j2 n32 176 1 0 X3232 0 0 -8 421 24 LOWERBD NONBASIC
419 k2 n32 295 1 0 X1232 0 0 422 25 KEYARC BASIC
420 12 n32 298 1 0 1L232 0 0 -499999897 423 26 LOWERBD NONBASIC

W-13



OBS -FRONM -TO- -COST- _CAPAC_ _LO_ -SAKE- -SUPPLY- _DENqADD_ -FLOW- _FCOST_ _RCOST_ _1AIJNB_ _TlUNB_ _STATUS_

421 a3 n33 0 1 0 XA333 0 0 -860 424 28 LOWERBD SOMBASIC
422 b3 n33 139 1 0 XB333 0 0 425 29 NONKEY ARC BASIC
423 c3 n33 47 1 0 1C333 1 47 426 30 DONKEY ARC BASIC
424 d3 n33 100 1 0 1D333 0 0 427 31 DONKEY ARC BASIC
425 .3 n33 134 1 0 XE333 0 0 428 32 NONKEY ARC BASIC
426 f3 u33 119 1 0 IF333 0 0 429 33 BONKEY ARC BASIC
427 g3 u33 132 1 0 XG333 0 0 430 34 DONKEY ARC BASIC
428 h3 u33 127 1 0 11333 0 0 431 35 DONKEY ARC BASIC
429 i3 n33 148 1 0 XI333 0 0 432 36 IEYARC BASIC
430 j3 n33 144 1 0 X3333 0 0 -4 433 37 LOWERED NONBASIC
431 k3 n33 0 1 0 XK333 0 0 -148 434 38 LOWERBD DONBASIC
432 13 n33 0 1 0 1L333 0 0 -100000147 435 39 LOWERED DONBASIC
433 a3 n34 64 1 0 XA334 0 0 436 28 KEY-ARC BASIC
434 b3 n34 64 1 0 1B334 0 0 437 29 DONKEY ARC BASIC
435 c3 n34 64 1 0 XC334 1 64 438 30 SOVKEY ARC BASIC
436 d3 n34 64 1 0 1D334 0 0 439 31 DONKEY ARC BASIC
437 e3 n34 64 1 0 XE334 0 0 440 32 DONKEY ARC BASIC
438 f3 n34 64 1 0 IF334 0 0 441 33 DOIKEY ARC BASIC
439 g3 n34 64 1 0 XG334 0 0 442 34 DONKEY ARC BASIC
440 h3 n34 64 1 0 X1334 0 0 -12 443 35 LOWERBD DONBASIC
441 i3 n34 60 1 0 X1334 0 0 444 36 DONKEY ARC BASIC
442 j3 n34 56 1 0 1J334 0 0 -4 445 37 LOWERBD DONBASIC
443 k3 n34 64 1 0 XK334 0 0 446 38 DONKEY ARC BASIC
444 13 n34 64 1 0 XL334 0 0 -99999995 447 39 LOWERBD DONBASIC
445 a3 u36 62 1 0 XA335 0 0 448 28 ONIKEY ARC BASIC
446 b3 n35 57 1 0 XB335 0 0 449 29 FONKEY ARC BASIC
447 c3 n35 59 1 0 XC335 1 59 450 30 DONKEY ARC BASIC
448 d3 n35 67 1 0 XD335 0 0 451 31 KEY-ARC BASIC
449 .3 u35 61 1 0 XE335 0 0 452 32 DONKEY ARC BASIC
450 f3 n35 61 1 0 XF335 0 0 453 33 DONKEY ARC BASIC
451 g3 n35 62 1 0 IG335 0 0 454 34 SONIEY ARC BASIC
452 h3 n35 62 1 0 X1335 0 0 455 35 DONKEY ARC BASIC
453 i3 u35 56 1 0 X1335 0 0 -7 456 36 LOWERBD DONBASIC
454 j3 n35 56 1 0 XJ335 0 0 -7 457 37 LOWERBD DOIBASIC
455 k3 n35 62 1 0 XK335 0 0 -1 458 38 LOWERBD DONBASIC
456 13 u35 55 1 0 1L335 0 0 -100000007 459 39 LOWERBD DORBASIC
457 a3 u36 60 1 0 X1A336 0 0 460 28 IONKEY ARC BASIC
458 b3 n36 60 1 0 XB336 0 0 461 29 IONKEY ARC BASIC

459 c3 n36 60 1 0 1C336 1 60 462 30 IODKEY ARC BASIC
460 d3 n36 90 1 0 XD336 0 0 463 31 KEY-ARC BASIC
461 s3 n36 60 1 0 1E336 0 0 464 32 DONKEY ARC BASIC
462 13 n36 90 1 0 1F336 0 0 465 33 SONKEY ARC BASIC
463 g3 n36 90 1 0 XG336 0 0 466 34 DONKEY ARC BASIC
464 h3 u36 90 1 0 XR336 0 0 467 35 DONKEY ARC BASIC
465 i3 n36 90 1 0 11336 0 0 -2 468 36 LOWERBD NOIBASIC
466 j3 n36 60 1 0 13336 0 0 -32 469 37 LOWERBD DONBASIC
467 k3 u36 60 1 0 1K336 0 0 -32 470 38 LOWERBD BONBASIC
468 13 .36 60 1 0 IL336 0 0 -100000031 471 39 LOWERBD DONBASIC
469 a3 n37 300 1 0 11337 0 0 472 28 KEYARC BASIC
470 b3 n37 243 1 0 1B337 0 0 473 29 DONKEY ARC BASIC
471 c3 n37 244 1 0 XC337 1 244 474 30 DONKEY ARC BASIC
472 d3 n37 244 1 0 1D337 0 0 475 31 DONKEY ARC BASIC
473 .3 n37 222 1 0 XE337 0 0 476 32 DONKEY ARC BASIC
474 f3 n37 244 1 0 XF337 0 0 -22 477 33 LOWERBD BOIBASIC
475 g3 n37 244 1 0 IG337 0 0 478 34 NOIKEY ARC BASIC
476 h3 n37 214 1 0 IN337 0 0 479 35 DONKEY ARC BASIC
477 13 u37 183 1 0 X1337 0 0 -85 480 36 LOWERED DONBASIC
478 J3 n37 243 1 0 XJ337 0 0 -25 481 37 LOWERBD NONBASIC
479 k3 n37 244 1 0 1X337 0 0 -24 482 38 LOWERBD NONBASIC
480 13 n37 244 1 0 XL337 0 0 -100000023 483 39 LOWERBD NONBASIC

W- 14



OBS -FROM- -TO- -COST- _CAPAC_ _LO_ _NIIE_ -SUPPLY- .DEHAID_ -FLOW- _FCOST_ _RCOST_ _ANUKB_ _TMTiB_ -STATUS-

481 a3 n38 214 1 0 1A338 0 0 484 28 KEY-ARC BASIC
482 b3 n38 148 1 0 XB338 0 0 485 29 DONKEY ARC BASIC
483 c3 n38 164 1 0 XC338 1 164 486 30 NONKEY ARC BASIC
484 d3 n38 155 1 0 XD338 0 0 487 31 DONKEY ARC BASIC
485 e3 u38 149 1 0 XE338 0 0 488 32 DORKEY ARC BASIC
486 f4 n38 152 1 0 XF338 0 0 489 33 DONKEY ARC BASIC
487 g

3  
n38 149 1 0 XG338 0 0 490 34 DONKEY ARC BASIC

488 h3 n38 150 1 0 XH338 0 0 491 35 DONKEY ARC BASIC
489 i3 n38 145 1 0 11338 0 0 -41 492 36 LOWERBD NOIBISIC
490 j3 n38 148 1 0 X3338 0 0 -38 493 37 LOWERBD NOUBISIC
491 k3 n38 169 1 0 XK338 0 0 494 38 DONKEY ARC BASIC
492 13 n38 173 1 0 XL338 0 0 -100000012 495 39 LOWERBD DONBASIC
493 &3 n39 300 1 0 1A339 0 0 -112 496 28 LOWERBD NONBASIC
494 b3 n39 149 1 0 XB339 0 0 497 29 KEY-ARC BASIC
495 c3 n39 214 1 0 XC339 1 214 498 30 IONKEY ARC BASIC
496 d3 n39 180 1 0 XD339 0 0 499 31 DONKEY ARC BASIC
497 e3 n39 154 1 0 XE339 0 0 500 32 DONKEY ARC BASIC
498 f3 n39 167 1 0 XF339 0 0 501 33 DONKEY ARC BASIC
499 g3 n39 158 1 0 XG339 0 0 502 34 DONKEY ARC BASIC
500 h3 n39 159 1 0 XH339 0 0 -19 503 35 LOVERED DONBASIC
501 i3 n39 147 1 0 XI339 0 0 -85 504 36 LOWERBD ONIBASIC
502 j3 n39 149 1 0 XJ339 0 0 -83 505 37 LOWERBD NONBASIC
503 k3 n39 232 1 0 XK339 0 0 506 38 DONKEY ARC BASIC
504 13 n39 250 1 0 XL339 0 0 -99999981 507 39 LOWERED DODBASIC
505 a3 n40 300 1 0 1A340 0 0 508 28 KEYARC BASIC
506 b3 n40 191 1 0 XB340 0 0 -48 509 29 LOWERED DODBASIC
507 c3 n40 300 1 0 XC340 1 300 510 30 NONKEY ARC BASIC
508 d3 n40 230 1 0 XD340 0 0 511 31 DONKEY ARC BASIC
509 e3 n40 180 1 0 XE340 0 0 -27 512 32 LOWERBD 9ONBASIC
510 f3 n40 215 1 0 XF340 0 0 513 33 DONKEY ARC BASIC
511 g3 n40 193 1 0 XG340 0 0 -16 514 34 LOWERBD NONBASIC
512 h3 n40 182 1 0 XH340 0 0 -33 515 35 LOWERBD DODBASIC
513 i3 n40 179 1 0 11340 0 0 -90 516 36 LOWERBD NONBASIC
514 j3 n40 180 1 0 13340 0 0 -89 517 37 LOWERED NONBASIC
515 k3 n40 290 1 0 X1340 0 0 518 38 DONKEY ARC BASIC
516 13 n40 298 1 0 XL340 0 0 -99999970 519 39 LOWERBD NONBASIC
517 a3 n41 300 1 0 XA341 0 0 520 28 KEY-ARC BASIC
518 b3 n41 186 1 0 XB341 0 0 -111 521 29 LOWERBD NONBASIC
519 c3 n41 284 1 0 XC341 1 284 522 30 DONKEY ARC BASIC
520 d3 n41 234 1 0 XD341 0 0 523 31 DONKEY ARC BASIC
521 e3 n41 199 1 0 1E341 0 0 -66 524 32 LOWERBD NONBASIC
522 f3 n41 211 1 0 XF341 0 0 -45 525 33 LOWERBD DONBASIC
523 g

3  
n41 203 1 0 XG341 0 0 -64 526 34 LOWERBD NONBASIC

524 h3 n41 212 1 0 X1341 0 0 -61 527 35 LOWERBD DONBASIC
525 i3 n41 178 1 0 X1341 0 0 -149 528 36 LOWERBD NONBASIC
526 j3 n41 179 1 0 XJ341 0 0 -148 529 37 LOWERBD NONBASIC
527 k3 n41 296 1 0 1K341 0 0 -31 530 38 LOWERBD NONBASIC
528 13 n41 298 1 0 1L341 0 0 -100000028 531 39 LOWERBD NONBASIC
529 a3 n42 300 1 0 XA342 0 0 532 28 KEY-ARC BASIC
530 b3 n42 144 1 0 1B342 0 0 533 29 DONKEY ARC BASIC
531 c3 n42 192 1 0 XC342 1 192 534 30 DONKEY ARC BASIC
532 d3 n42 168 1 0 XD342 0 0 535 31 DONKEY ARC BASIC
533 e3 n42 142 1 0 XE342 0 0 536 32 DONKEY ARC BASIC
534 f3 n42 153 1 0 XF342 0 0 -13 S37 33 LOWERBD DOEBASIC
535 g3 n42 144 1 0 1G342 0 0 538 34 DONKEY ARC BASIC
536 h3 n42 150 1 0 11342 0 0 539 35 DONKEY ARC BASIC
637 13 n42 133 1 0 11342 0 0 -71 540 36 LOWERBD NONBASIC
638 j3 n42 133 1 0 X3342 0 0 -71 641 37 LOWERBD NONBASIC
539 k3 n42 204 1 0 XK342 0 0 542 38 DOIKEY ARC BASIC
640 13 n42 228 1 0 XL342 0 0 -99999975 543 39 LOWERBD NONBASIC
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OBS -FROM- -TO- .COST- _CIPAC_ _LO_ _NAME_ -SUPPLY- _DEIUND. _FLOV_ _FCOST_ _RCOST_ _ANUNB_ _TNUNB_ -STATUS-

541 a3 n43 300 1 0 IA343 0 0 544 28 KEYARC BASIC
542 b3 n43 158 1 0 XB343 0 0 545 29 IONKEY ARC BASIC
543 c3 n43 222 1 0 XC343 1 222 546 30 NOUKEY ARC BASIC
544 d3 n43 189 1 0 XD343 0 0 547 31 NONiEY ARC BASIC
545 e3 n43 162 1 0 XE343 0 0 -58 548 32 LOIERBD EONBASIC
546 f3 n43 173 1 0 IF343 0 0 -38 549 33 LOWERBD NONBASIC

547 g3  
n43 164 1 0 IG343 0 0 -58 550 34 LOWERBD NOUBASIC

548 h3 n43 168 1 0 11343 0 0 -60 551 35 LOWERBD 5ONBASIC
549 i3 u43 155 1 0 11343 0 0 -127 552 36 LOWERBD DONBASIC
550 j3 n43 153 1 0 X3343 0 0 -129 553 37 LOWERBD NOIBASIC
551 k3 n43 251 1 0 IK343 0 0 -39 554 38 LOWERBD NONBASIC
552 13 n43 300 1 0 XL343 0 0 -99999981 555 39 LOWERBD NOWBASIC
553 a3 n44 300 1 0 X1344 0 0 . 556 28 KEY-ARC BASIC
554 b3 n44 182 1 0 XB344 0 0 -82 557 29 LOWERBD NOUBASIC
555 c3 n44 290 1 0 IC344 1 290 558 30 MONKEY ARC BASIC
556 d3 n44 226 1 0 XD344 0 0 559 31 DONKEY ARC BASIC
557 e3 n44 188 1 0 XE344 0 0 -44 560 32 LOWERED NONBISIC
558 f3 n44 206 1 0 XF344 0 0 561 33 IONKEY ARC BASIC
559 g3 n44 191 1 0 XG344 0 0 -43 562 34 LOWERBD NONBASIC
560 h3 n44 196 1 0 11344 0 0 -44 563 35 LOWERBD NOUBASIC
561 i3 n44 173 1 0 11344 0 0 -121 564 36 LOWERBD IONBISIC
562 j3 n44 176 1 0 XJ344 0 0 -118 565 37 LOWERED NONBISIC
563 k3 n44 294 1 0 11344 0 0 566 38 DONKEY ARC BASIC
564 13 n44 297 1 0 1L344 0 0 -99999996 567 39 LOWERED NORBASIC
565 a3 n45 300 1 0 XA345 0 0 . 568 28 KEYARC BASIC
566 b3 n45 182 1 0 XB345 0 0 -107 569 29 LOWERBD NOIBASIC
567 c3 n45 288 1 0 IC345 1 288 570 30 DONKEY ARC BASIC
568 d3 n45 226 1 0 ID345 0 0 571 31 DOIKEY ARC BASIC
569 e3 n4S 186 1 0 1E345 0 0 -71 572 32 LOWERBD NONBASIC
570 f3 345 200 1 0 XF345 0 0 -48 573 33 LOWERBD NONBASIC
571 g3 n45 187 1 0 XG345 0 0 -72 574 34 LOWERBD NONBASIC
572 h3 n45 194 1 0 1H345 0 0 -71 575 35 LOWERED NONBASIC
573 i3 n45 173 1 0 11345 0 0 -146 576 36 LOWERBD NONBASIC
574 j3 n45 176 1 0 XJ345 0 0 -143 577 37 LOWERBD NONBASIC
575 k3 n45 292 1 0 XK345 0 0 -27 578 38 LOWERBD NONBASIC
576 13 n45 297 1 0 X1345 0 0 -100000021 579 39 LOWERBD NONBASIC
577 a3 n46 300 1 0 X1A346 0 0 . 580 28 KEY-ARC BASIC
578 b3 n46 164 1 0 XB346 0 0 -77 581 29 LOWERED NONBASIC
579 c3 n46 236 1 0 1C346 1 236 582 30 BONNEY ARC BASIC
580 d3 n46 194 1 0 1D346 0 0 583 31 DONKEY ARC BASIC
581 e3 n46 167 1 0 XE346 0 0 -42 584 32 LOWERBD NONBASIC
582 f3 n46 182 1 0 XF346 0 0 -18 585 33 LOWERBD NONBASIC
583 g3 n46 168 1 0 XG346 0 0 -43 586 34 LOWERBD NONBASIC
584 h3 n46 174 1 0 11346 0 0 -43 587 35 LOWERBD IONBASIC
585 i3 n46 158 1 0 X1346 0 0 -113 588 36 LOWERBD NONBASIC
586 j3 n46 160 1 0 X3346 0 0 -111 589 37 LOWERBD NORBISIC
587 k3 n46 271 1 0 11346 0 0 . 590 38 DONKEY ARC BASIC
588 13 n46 299 1 0 IL346 0 0 -99999971 591 39 LOWERBD NONBASIC
589 a3 n47 300 1 0 XA347 0 0 . 592 28 KEYARC BASIC
590 b3 n47 149 1 0 XB347 0 0 -109 593 29 LOWERBD NONBASIC
591 c3 n47 199 1 0 XC347 1 199 594 30 DONKEY ARC BASIC
592 d3 n47 172 1 0 X0347 0 0 595 31 DONKEY ARC BASIC
593 e3 n47 148 1 0 XE347 0 0 -55 596 32 LOWERBD NONBASIC
594 f3 n47 161 1 0 XF347 0 0 -33 597 33 LOWERBD FORBASIC
595 g3 n47 149 1 0 IG347 0 0 -56 598 34 LOWERED NONBASIC

596 h3 n47 154 1 0 1347 0 0 -57 599 35 LOWERBD NOnBASIC
597 13 n47 141 1 0 X1347 0 0 -124 600 36 LOWERBD NONBASIC
598 J3 n47 144 1 0 XJ347 0 0 -121 601 37 LOWERBD NOUBASIC
699 k3 n47 215 1 0 1K347 0 0 -50 602 38 LOWERBD NONBASIC
600 13 n47 230 1 0 1L347 0 0 -100000034 603 39 LOWERED DONBASIC
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601 a3 n48 165 1 0 1A348 0 0 604 28 KEY-ARC BASIC

602 b3 n48 159 1 0 1B348 0 0 605 29 NONKEY AIC BASIC

603 c3 n48 165 1 0 IC348 1 165 606 30 iONKEY ARC BASIC

604 d3 n48 165 1 0 XD348 0 0 607 31 NORKEYARC BASIC

605 e3 n48 155 1 0 XE348 0 0 -1.00 608 32 LOWERBD NOIBASIC

606 f3 n48 163 1 0 IF348 0 0 -43.00 609 33 LOWERBID 1OIBASIC

607 g3 n48 158 1 0 IG348 0 0 610 34 ONKEY ARC BASIC

608 h3 u48 162 1 0 11348 0 0 -2.00 611 35 LOWERBD NOUBASIC

609 i3 n48 147 1 0 11348 0 0 -71.00 612 36 LOWERBD NOIBASIC

610 j3 n48 155 1 0 X3348 0 0 -63.00 613 37 LOWERBD NORBASIC

611 k3 n48 165 1 0 11348 0 0 -53.00 614 38 LOWERBD NONBASIC

612 13 n48 165 1 0 IL348 0 0 -100000052.00 615 39 LOEREBD NONBASIC

613 t at 0 99999999 0 XTS1 16 0 1 88 KEY,.ARC BASIC

614 t s2 0 99999999 0 XTS2 16 0 14 88 KEY-ARC BASIC

615 t s3 0 99999999 0 ITS3 16 0 27 88 KEY-ARC BASIC

616 nOl t 0 1 0 XOIT D 1 0 298.75 616 40 UPPEiBD OINBASIC

617 n02 t 0 1 0 X02T D 1 0 194.75 617 41 UPPERBD NOBBASIC

618 n03 t 0 1 0 X03T D 1 0 186.75 618 42 UPPERBD NOIBASIC

619 n04 t 0 1 0 X04T D 1 0 209.75 619 43 UPPERBD NODBASIC

620 nOS t 0 1 0 lOST D 1 0 283.75 620 44 UPPERBD NONBASIC

621 uO6 t 0 1 0 X06T D 1 0 285.75 621 45 UPPERBD NOBBASIC

622 n07 t 0 1 0 107T D 1 0 313.75 622 46 UPPERBD NONBASIC

623 nO8 t 0 1 0 X08T D 1 0 320.75 623 47 UPPERBD NOIBASIC

624 n09 t 0 1 0 X09T D 1 0 307.75 624 48 UPPERIBD [OBASIC

625 alO t 0 1 0 IOT D 1 0 284.76 625 49 UPPEkBD NOIBASIC

626 all t 0 1 0 X11T D 1 0 307.76 626 50 UPPERBD vOnBASIC

627 n12 t 0 1 0 X12T D 1 0 315.75 627 51 UPPERBD IONBASIC

628 n13 t 0 1 0 113T D 1 0 303.75 628 52 UPPERBD IONBASIC

629 n14 t 0 1 0 X14T D 1 0 294.75 629 53 UPPEUBD NONBASIC

630 a15 t 0 1 0 XIST D 1 0 319.75 630 54 UPPERBD NONBASIC

631 n16 t 0 1 0 X16T D 1 0 336.75 631 55 UPPEREBD NONBASIC

632 n17 t 0 1 0 X17T D 1 0 84.00 632 56 UPPERBD NONBASIC

633 n18 t 0 1 0 118T D 1 0 103.00 633 57 UPPERBD NONBASIC

634 x19 t 0 1 0 119T D 1 0 113.00 634 58 UPPERBD NOIBASIC

635 n20 t 0 1 0 120T D 1 0 635 59 nOIIEYARC BASIC

636 121 t 0 1 0 X21T D 1 0 169.00 636 60 IJPPERBD NONBASIC

637 m22 t 0 1 0 X22T D 1 0 142.00 637 61 UPPERBD MOUBASIC

638 n23 t 0 1 0 X23T D 1 0 165.00 638 62 UPPERBD NOUBASIC

639 n24 t 0 1 0 X24T D 1 0 167.00 639 63 UPPERBD NONBASIC

640 n25 t 0 1 0 X25T D 1 0 117.00 640 64 UPPERBD NOQBASIC

641 v26 t 0 1 0 126T D 1 0 110.00 641 65 UPPERID NORBASIC

642 n27 t 0 1 0 X27T D 1 0 78.00 642 66 UPPERBD NOBBASIC

643 n28 t 0 1 0 128T D 1 0 201.00 643 67 UPPERBD NONBASIC

644 n29 t 0 1 0 X29T D 1 0 112.00 644 68 UPPERBD UO|BASIC

645 n30 t 0 1 0 X30T D 1 0 112.00 645 69 UPPERBD IORBASIC

646 u31 t 0 1 0 X31T D 1 0 110.00 646 70 UPPERBD NOWBASIC

647 n32 t 0 1 0 132T D 1 0 112.00 647 71 UPPERBD BOUBASIC

648 n33 t 0 1 0 133T D 1 0 88.00 648 72 UPPERBD NONBASIC

649 u34 t 0 1 0 X34T D 1 0 649 73 NONZEY ARC BASIC

650 z36 t 0 1 0 135T D 1 0 3.00 650 74 UPPERBD 5OIBASIC

661 n36 t 0 1 0 X36T D 1 0 32.00 651 75 UPPERIBD NONBASIC

652 n37 t 0 1 0 137T D 1 0 208.00 652 76 UPPERBD NOUBASIC

653 n38 t 0 1 0 X38T D 1 0 126.00 653 77 UPPEIRBD NOIBASIC
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OBS -FRONM -TO- -COST- _CAPAC_ _LO_ -SANE- -SUPPLY- _DEIUND_ -FLOW- _FCOST_ _RCOST_ -ANIHUM- _T3JB._ -STATUS-

654 n39 t 0 1 0 139T D 1 0 172 654 78 UPPE1BD IDOBASIC
655 n40 t 0 1 0 X40T D 1 0 209 655 79 UPPERBD NONBASIC
656 n41 t 0 1 0 141T D 1 0 267 656 80 UPPEEBD NONBASIC
657 n42 t 0 1 0 142T D 1 0 144 657 81 UPPEkBD IONBASIC
658 n43 t 0 1 0 143T D 1 0 222 658 82 UPPEUBD NONBASIC
659 n44 t 0 1 0 144T D 1 0 234 659 83 UPPEIBD NOIBASIC
660 n45 t 0 1 0 145T D 1 0 259 660 84 UPPERBD XONBASIC
661 n46 t 0 1 0 146T D 1 0 211 661 85 UPPEIBD NONBASIC
662 n47 t 0 1 0 147T D 1 0 205 662 86 UPPEiBD DOU ASIC
663 u48 t 0 1 0 X48T D 1 0 158 663 87 UPPEIBD NONBASIC
664 0 99999999 0 SIA2 0 0 0 IOIKEY BASIC

9917
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W.3 Solution for p = 2

OBS -FRONM .TO- -COST- _CAPAC_ _LO_ -NANE- -SUPPLY- _DEKAND_ _FLOV_ _FCOST_ -ICOST- _AlUNB_ _TIUHB_ -STATUS-

1 51 al 0 16 0 ISiAl 0 0 2 1 KEYARC BASIC
2 s2 &2 0 16 0 1S2A2 0 0 15 14 KEY-ARC BASIC
3 s3 a3 0 16 0 XS3A3 0 0 28 27 KEY-ARC BASIC
4 sl bl 0 16 0 XSiB1 0 0 3 1 KEY-ARC BASIC
5 s2 b2 0 16 0 1S2B2 0 0 16 14 KEY-ARC BASIC
6 s3 b3 0 16 0 1S3B3 0 0 29 27 KEYARC BASIC
7 s1 ci 0 16 0 1S5C1 16 0 4 1 KEYARC BASIC
8 s2 c2 0 16 0 XS2C2 16 0 17 14 KEYARC BASIC
9 .3 c3 0 16 0 153C3 16 0 30 27 KEYARC BASIC

10 sl dl 0 16 0 XS1D 0 0 5 1 KEY-ARC BASIC
11 92 d2 0 16 0 XS2D2 0 0 18 14 KEY-ARC BASIC
12 s3 43 0 16 0 XS3D3 0 0 31 27 KEYARC BASIC
13 a1 el 0 16 0 ISLEl 0 0 6 1 KEY-ARC BASIC
14 s2 e2 0 16 0 152E2 0 0 19 14 KEYARC BASIC
15 s3 e3 0 16 0 153E3 0 0 32 27 KEYARC BASIC
16 51 fl 0 16 0 XSiF1 0 0 7 1 KEY-ARC BASIC
17 s2 12 0 16 0 152F2 0 0 20 14 KEYARC BASIC
18 s3 f3 0 16 0 IS3F3 0 0 33 27 KEYARC BASIC
19 51 gl 0 16 0 ISIG1 0 0 8 1 KEYARC BASIC
20 s2 g2 0 16 0 152G2 0 0 21 14 .KEYARC BASIC
21 s3 g3 0 16 0 XS3G3 0 0 34 27 KEYARC BASIC
22 .1 hi 0 16 0 ISiH1 0 0 9 1 KEY-ARC BASIC
23 s2 h2 0 16 0 152I 2 0 0 22 14 KEY-ARC BASIC
24 s3 h3 0 16 0 1S3M3 0 0 35 27 KEYARC BASIC
25 51 ii 0 16 0 ISMl 0 0 10 1 KEY-ARC BASIC
26 s2 i2 0 16 0 1S212 0 0 23 14 KEYARC BASIC
27 s3 i3 0 16 0 1S313 0 0 36 27 KEYARC BASIC
28 .1 ji 0 16 0 ISIJi 0 0 11 1 KEY-ARC BASIC
29 s2 j2 0 16 0 1S2J2 0 0 24 14 KEYAIRC BASIC
30 m3 j3 0 16 0 15333 0 0 37 27 KEYARC BASIC
31 .1 kl 0 16 0 1S11 0 0 12 1 KEY-ARC BASIC
32 s2 k2 0 16 0 XS2K2 0 0 25 14 KEY-ARC BASIC
33 s3 k3 0 16 0 1S3K3 0 0 38 27 KEYARC BASIC
34 .1 11 0 16 0 5I1Ll 16 0 13 1 KEYARC BASIC
35 s2 12 0 16 0 XS2L2 16 0 26 14 KEYARC BASIC
36 s3 13 0 16 0 153L3 16 0 39 27 KEYARC BASIC
37 a1 nO1 0 1 0 MA1ot 0 0 -100000091 40 2 LOWERBD MOMBASIC
38 bl nOl 160 1 0 18101 0 0 41 3 KEY-ARC BASIC
39 cl nO1 108 1 0 IClOl 1 108 42 4 BONNEY ARC BASIC
40 dl nOl 134 1 0 ID101 0 0 43 5 BONKEY ARC BASIC
41 .1 .01 157 1 0 XI1OI 0 0 44 6 BONKEY ARC BASIC
42 fl nOl 148 1 0 IFlOl 0 0 45 7 BONKEY ARC BASIC
43 g1 nOl 157 1 0 IG101 0 0 46 8 BONKEY ARC BASIC
44 hl 301 1SS 1 0 R1101 0 0 47 9 BONKEY ARC BASIC
45 ii nOl 167 1 0 X1101 0 0 48 10 BONKEY ARC BASIC
46 jl uOl 165 1 0 MJot 0 0 49 11 MONKEY ARC BASIC
47 ki nO1 90 1 0 11101 0 0 so 12 BONKEY ARC BASIC
48 11 nO1 70 1 0 XL1O1 1 70 51 13 BONKEY ARC BASIC
49 a1 702 60 1 0 XA102 0 0 52 2 IONNEY ARC BASIC
50 bl n02 60 1 0 BI02 0 0 53 3 BONNEY ARC BASIC
51 cl u02 60 1 0 XC102 1 60 54 4 KEYARC BASIC
52 dl n02 60 1 0 XD102 0 0 55 5 1O1KEY ARC BASIC
53 .1 n02 60 1 0 1E102 0 0 56 6 NOKKEY ARC BASIC
54 fl n02 60 1 0 XF102 0 0 57 7 BONKEY ARC BASIC
55 gi n02 60 1 0 XG102 0 0 58 8 MONKEY ARC BASIC
56 hl n02 60 1 0 X9102 0 0 59 9 BONKEY ARC BASIC
57 il n02 60 1 0 XI102 0 0 60 10 BONKEY ARC BASIC
58 j1 n02 60 1 0 XJ102 0 0 61 11 BONKEY ARC BASIC
59 ki n02 60 1 0 11102 0 0 62 12 BONKEY ARC BASIC
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60 11 n02 60 1 0 1L102 1 60 63 13 IONIEY ARC BASIC
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OBS _FROW_ -TO- -COST- _CAPAC_ _LO_ -NAME- -SUPPLY- _DENAID_ _FLOV_ _FCOST_ _RCOST_ A-IUB_ _T3IUB_ -STATUS-

61 al nO3 60 1 0 XA103 0 0 64 2 MOIKEY ARC BASIC
62 bi x03 49 1 0 XB103 0 0 65 3 MONKEY ARC BASIC
63 cl n03 60 1 0 XC103 1 60 66 4 MOMKEY ARC BASIC
64 dl n03 60 1 0 XD103 0 0 67 5 KEY-ARC BASIC
65 01 n03 42 1 0 XE103 0 0 68 6 MONKEY ARC BASIC
66 fl n03 60 1 0 XF103 0 0 69 7 BONKEY ARC BASIC
67 gl a03 59 1 0 XG103 0 0 70 8 MONKEY ARC BASIC
68 hl nO3 60 1 0 11103 0 0 71 9 iOIKEY ARC BASIC
69 il nO3 51 1 0 XI03 0 0 72 10 MONKEY ARC BASIC
70 ji n03 45 1 0 XJ103 0 0 73 11 MONKEY ARC BASIC
71 kI n03 60 1 0 X1103 0 0 74 12 BONKEY ARC BASIC
72 11 u03 60 1 0 XL103 1 60 75 13 MONKEY ARC BASIC
73 al n04 32 1 0 X1104 0 0 76 2 MONKEY ARC BASIC
74 bl a04 60 1 0 XB104 0 0 77 3 MONKEY ARC BASIC
75 cl n04 60 1 0 XC104 1 60 78 4 MONKEY ARC BASIC
76 dl n04 60 1 0 XD104 0 0 79 5 MONKEY ARC BASIC
77 .1 n04 60 1 0 XE104 0 0 80 6 MONKEY ARC BASIC
78 fl nO4 90 1 0 XF104 0 0 81 7 BONKEY ARC BASIC
79 gl z04 90 1 0 XG104 0 0 82 8 MONKEY ARC BASIC
80 hl n04 90 1 0 1104 0 0 83 9 KEYARC BASIC
81 il n04 88 1 0 XXI04 0 0 84 10 MONKEY ARC BASIC
82 ji n04 60 1 0 XJ104 0 0 85 11 MONKEY ARC BASIC
83 kI a04 60 1 0 X1104 0 0 86 12 MONKEY ARC BASIC
84 11 n04 60 1 0 XL104 1 60 87 13 MONKEY ARC BASIC
85 al nOS 264 1 0 KilOS 0 0 88 2 MOMKEY ARC BASIC
86 bi nOS 156 1 0 XBI05 0 0 89 3 MONKEY ARC BASIC
87 cl nos 242 1 0 xCIOS 1 242 90 4 MONKEY ARC BASIC
88 dl OS 203 1 0 XDlOS 0 0 91 5 MONKEY ARC BASIC
89 .1 AO5 162 1 0 XEIOS 0 0 92 6 MONKEY ARC BASIC
90 fi nOS 178 1 0 XF105 0 0 93 7 MONKEY ARC BASIC
91 gi nOS 162 1 0 xGlOs 0 0 94 8 MONKEY ARC BASIC
92 hl nOS 169 1 0 XH105 0 0 95 9 MONKEY ARC BASIC
93 il nOS 150 1 0 I105 0 0 96 10 MONKEY ARC BASIC
94 jI nO5 150 1 0 Kil05 0 0 97 11 MONKEY ARC BASIC
95 kI nOS 238 1 0 x11O5 0 0 98 12 MONKEY ARC BASIC
96 11 nOS 241 1 0 ILlOS 1 241 99 13 KEYARC BASIC
97 al nO6 300 1 0 XA106 0 0 100 2 MONKEY ARC BASIC
98 bI zi06 157 1 0 XB106 0 0 101 3 MONKEY ARC BASIC
99 cl nO6 218 1 0 IC106 1 218 102 4 MONKEY ARC BASIC

100 dl nO6 185 1 0 XD106 0 0 103 5 MONKEY ARC BASIC
101 .l xO6 155 1 0 XE106 0 0 104 6 MONKEY ARC BASIC
102 fl nO6 171 1 0 XF106 0 0 105 7 MONKEY ARC BASIC
103 gl nO6 160 1 0 XG106 0 0 106 8 MONKEY ARC BASIC
104 hl nO6 165 1 0 X1106 0 0 107 9 MONKEY ARC BASIC
105 i1 nO6 149 1 0 i1106 0 0 108 10 MONKEY ARC BASIC
106 jI nO6 152 1 0 XJ106 0 0 109 11 BONKEY ARC BASIC
107 ki a06 239 1 0 X1106 0 0 110 12 MONKEY ARC BASIC
108 11 A06 287 1 0 XL106 1 287 111 13 KEYARC BASIC
109 a1 a07 300 1 0 1A107 0 0 112 2 MONKEY ARC BASIC
110 bI nO7 188 1 0 XBI07 0 0 113 3 MONKEY ARC BASIC
111 cl ROT 292 1 0 XC107 1 292 114 4 KEYARC BASIC
112 dl nO7 229 1 0 XD107 0 0 115 5 MONKEY ARC BASIC
113 a1 n07 189 1 0 XEI07 0 0 116 6 MOIKEY ARC BASIC
114 f1 n07 202 1 0 XF107 0 0 117 7 MONKEY ARC BASIC
115 gi nO7 192 1 0 XGIO7 0 0 118 8 MONKEY ARC BASIC
116 hl nOT 196 1 0 I107 0 0 119 9 BONKEY ARC BASIC
117 it a07 175 1 0 I1107 0 0 120 10 MONKEY ARC BASIC
118 JI n07 180 1 0 XJ107 0 0 121 11 MONKEY ARC BASIC
119 ki nO7 292 1 0 I107 0 0 122 12 MONKEY ARC BASIC
120 11 n07 300 1 0 IL107 1 300 123 13 MONKEY ARC BASIC
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121 al nR8 300 1 0 X1108 0 0 124 2 DONKEY ARC BASIC
122 bl nOS 190 1 0 XB108 0 0 125 3 DONKEY ARC BASIC
123 cl nO8 272 1 0 XCI08 1 272 126 4 NONKEY ARC BASIC
124 dl nO8 228 1 0 XD108 0 0 127 5 DONKEY ARC BASIC
125 .1 nR8 193 1 0 XEIOS 0 0 128 6 DONKEY ARC BASIC
126 fl n08 209 1 0 XF108 0 0 129 7 DONKEY ARC BASIC
127 gi nO8 195 1 0 XGl08 0 0 130 8 DONKEY ARC BASIC
128 hl a08 202 1 0 X1108 0 0 131 9 DONKEY ARC BASIC
129 ii nR8 183 1 0 11108 0 0 132 10 DONKEY ARC BASIC
130 J1 nR8 187 1 0 XJ108 0 0 133 11 DONKEY ARC BASIC
131 kl nOs 300 1 0 I1108 0 0 134 12 DONKEY ARC BASIC
132 11 nO8 300 1 0 ILL08 1 300 135 13 KEY-ARC BASIC
133 at n09 300 1 0 11109 0 0 136 2 NONKEYARC BASIC
134 bi n09 156 1 0 1B109 0 0 137 3 DONKEY ARC BASIC
135 cl n09 213 1 0 XC109 1 213 138 4 DONKEY ARC BASIC
136 dl 09 179 1 0 XD109 0 0 139 5 DONKEY ARC BASIC
137 .1 nO9 158 1 0 IE109 0 0 140 6 KEY-ARC BASIC
138 fl R09 169 1 0 IF109 0 0 141 7 DONKEY ARC BASIC
139 gl nO9 159 1 0 XG109 0 0 142 8 DONKEY ARC BASIC
140 hi &O9 159 1 0 XR109 0 0 143 9 DONKEY ARC BASIC
141 il mO9 150 1 0 XI109 0 0 144 10 DONKEY ARC BASIC
142 JI n09 142 1 0 X3109 0 0 145 11 DONKEY ARC BASIC
143 ki n09 227 1 0 11109 0 0 146 12 DONKEY ARC BASIC
144 11 nO9 261 1 0 1L109 1 261 147 13 DONKEY ARC BASIC
145 &1 RIO 300 1 0 XAllO 0 0 148 2 DONKEY ARC BASIC
146 bi RlO 156 1 0 XBI1O 0 0 149 3 DONKEY ARC BASIC
147 cl RlO 217 1 0 ICilO 1 217 150 4 DONKEY ARC BASIC
148 di n1O 184 1 0 XD110 0 0 -1127 151 5 LOWERBD NODBASIC
149 .1 n1O 158 1 0 XE110 0 0 152 6 DONKEY ARC BASIC
150 f1 R1O 171 1 0 XF110 0 0 153 7 DONKEY ARC BASIC
151 gi RIO 158 1 0 XG11O 0 0 154 8 DONKEY ARC BASIC
152 hl RlO 163 1 0 XR110 0 0 155 9 DONKEY ARC BASIC
153 it a10 149 1 0 1i110 0 0 156 10 DONKEY ARC BASIC
154 jI nIO 151 1 0 13110 0 0 157 11 DONKEY ARC BASIC
155 ki alO 241 1 0 11110 0 0 158 12 KEYARC BASIC
156 11 R1O 288 1 0 XL110 1 288 159 13 NOlKEY ARC BASIC
157 al nll 300 1 0 1Alll 0 0 160 2 DONKEY ARC BASIC
158 bi nll 180 1 0 IBili 0 0 161 3 NONKEY ARC BASIC
159 cl nll 295 1 0 ICill 1 295 162 4 DONKEY ARC BASIC
160 dl ill 237 1 0 Dl1ll 0 0 163 5 BONNEY ARC BASIC
161 *1 nll 180 1 0 XEl1 0 0 164 6 IODKEY ARC BASIC
162 ft nll 189 1 0 XF111 0 0 165 7 DONKEY ARC BASIC
163 gl nll 180 1 0 1ll1 0 0 166 8 DONKEY ARC BASIC
164 hl nll 180 1 0 Xlll 0 0 167 9 DONKEY ARC BASIC
165 ii nll 180 1 0 11111 0 0 168 10 DONKEY ARC BASIC
166 ji all 168 1 0 13111 0 0 169 11 DONKEY ARC BASIC
167 ki nil 300 1 0 Hgill 0 0 -1399999672 170 12 LOWERBD DONBASIC
168 11 ill 300 1 0 XL111 1 300 171 13 KEYARC BASIC
169 &l &12 300 1 0 1A112 0 0 172 2 DONKEY ARC BASIC
170 bi &12 188 1 0 1Bl12 0 0 173 3 KEY-ARC BASIC
171 ci &12 289 1 0 1C112 1 289 174 4 DONKEY ARC BASIC
172 dl n12 235 1 0 1D112 0 0 175 5 DONKEY ARC BASIC
173 el a12 198 1 0 1E112 0 0 176 6 BONKEY ARC BASIC
174 fl u12 212 1 0 XF112 0 0 177 7 DONKEY ARC BASIC
176 gl &12 200 1 0 1G112 0 0 178 8 DONKEY ARC BASIC
176 hi &12 208 1 0 11112 0 0 179 9 DONKEY ARC BASIC
177 il n12 181 1 0 11112 0 0 180 10 DONKEY ARC BASIC
178 JI a12 182 1 0 1J112 0 0 181 11 DONKEY ARC BASIC
179 ki u12 296 1 0 11112 0 0 182 12 DONKEY ARC BASIC
180 11 n12 300 1 0 11112 1 300 183 13 DONKEY ARC BASIC
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181 al n13 300 1 0 1A113 0 0 184 2 DONKEY ARC BASIC
182 bl n13 191 1 0 XB113 0 0 185 3 1ONKEY ARC BASIC
183 cl n13 291 1 0 1C113 1 291 186 4 DONKEY ARC BASIC
184 dl n13 238 1 0 1D113 0 0 187 5 NONKEY ARC BASIC
185 *1 n13 191 1 0 XE113 0 0 188 6 DONKEY ARC BASIC
186 fl n13 209 1 0 1F113 0 0 189 7 DONKEY ARC BASIC
187 gl n13 193 1 0 XG113 0 0 190 8 NONKEY ARC BASIC
188 hl n13 199 1 0 11113 0 0 191 9 DONKEY ARC BASIC
189 il n13 180 1 0 X1113 0 0 192 10 DONKEY ARC BASIC
190 jI n13 184 1 0 1J113 0 0 193 11 DONKEY ARC BASIC
191 ki n13 293 1 0 11113 0 0 194 12 KEYAIRC BASIC
192 11 n13 299 1 0 XL113 1 299 195 13 NODIEY ARC BASIC
193 al n14 300 1 0 1A114 0 0 196 2 NONKEY ARC BASIC
194 bl n14 180 1 0 1B114 0 0 197 3 DONKEY ARC BASIC
195 ci n14 293 1 0 1C114 1 293 198 4 DONKEY ARC BASIC
196 dl n14 220 1 0 XD114 0 0 199 5 DONKEY ARC BASIC
197 el n14 184 1 0 1E114 0 0 200 6 DONKEY ARC BASIC
198 fl n14 200 1 0 1F114 0 0 201 7 DONKEY ARC BASIC
199 gl n14 188 1 0 1G114 0 0 202 8 ONKEY ARC BASIC
200 hl n14 193 1 0 11114 0 0 203 9 DONKEY ARC BASIC
201 il u14 173 1 0 11114 0 0 204 10 DONKEY ARC BASIC
202 ji n14 175 1 0 X3114 0 0 205 11 IONIEY ARC BASIC
203 ki n14 298 1 0 11114 0 0 206 12 KEYARC BASIC
204 11 n14 300 1 0 IL114 1 300 513 207 13 UPPERBD DONBASIC
205 al nIS 300 1 0 MIiS 0 0 208 2 lONKEY ARC BASIC
206 bl n15 184 1 0 IBi1S 0 0 209 3 DONKEY ARC BASIC
207 c1 nIS 290 1 0 1C1ls 1 290 210 4 ONIKEY ARC BASIC
208 dl n55 224 1 0 IDliS 0 0 211 5 DONKEY ARC BASIC
209 .1 niS 186 1 0 MIS 0 0 212 6 O1NKEYARC BASIC
210 fl n1S 202 1 0 FIlS 0 0 213 7 DONKEY ARC BASIC
211 gl nIS 188 1 0 1I115 0 0 214 8 KEYARC BASIC
212 ki n5S 192 1 0 11115 0 0 215 9 DONKEY ARC BASIC
213 il nIS 174 1 0 1MI15 0 0 216 10 DONKEY ARC BASIC
214 jl nI 176 1 0 13115 0 0 217 11 DONKEY ARC BASIC
215 kI nMS 294 1 0 11115 0 0 218 12 DONKEY ARC BASIC
216 11 nIS 298 1 0 XLl15 1 298 219 13 DONKEY ARC BASIC
217 al n16 300 1 0 XA116 0 0 220 2 DONKEY ARC BASIC
218 bl n16 180 1 0 1B116 0 0 221 3 DONKEY ARC BASIC
219 cl n16 292 1 0 XC116 1 292 222 4 DONKEY ARC BASIC
220 dl n16 219 1 0 XDl16 0 0 223 5 DONKEY ARC BASIC
221 al n16 183 1 0 1E116 0 0 224 6 DONKEY ARC BASIC
222 fi n16 199 1 0 1Fl16 0 0 225 7 DONKEY ARC BASIC
223 gl n16 186 1 0 10116 0 0 226 8 DONKEY ARC BASIC
224 hi n16 190 1 0 13116 0 0 227 9 DONIEY ARC BASIC
225 il n16 171 1 0 11116 0 0 228 10 DONKEY ARC BASIC
226 jl ni6 173 1 0 13116 0 0 229 11 DONKEY ARC BASIC
227 kl n16 294 1 0 11116 0 0 230 12 KEY-ARC BASIC
228 11 n16 299 1 0 XLl16 1 299 231 13 DONKEY ARC BASIC
229 a2 niT 0 1 0 1A217 0 0 232 15 DONKEY ARC BASIC
230 b2 n17 146 1 0 1B217 0 0 233 16 KEY-ARC BASIC
231 c2 n17 73 1 0 1C217 1 73 234 17 DONKEY ARC BASIC
232 d2 ni7 112 1 0 1D217 0 0 235 18 DONKEY ARC BASIC
233 e2 nI7 144 1 0 1E217 0 0 236 19 DONKEY ARC BASIC
234 f2 n17 129 1 0 1F217 0 0 -1602 237 20 LOVERBD NONBASIC
235 g2 n17 140 1 0 10217 0 0 238 21 DONKEY ARC BASIC
236 h2 niT 135 1 0 11217 0 0 239 22 IONKEY ARC BASIC
237 i2 n17 154 1 0 11217 0 0 240 23 DONKEY ARC BASIC
238 j2 nM7 162 1 0 IJ217 0 0 241 24 DONKEY ARC BASIC
239 k2 nI7 38 1 0 11217 0 0 242 25 DONKEY ARC BASIC
240 12 n17 0 1 0 1L217 1 0 243 26 DONKEY ARC BASIC
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241 a2 n18 0 1 0 1A218 0.00000 0.000 244 15 DONKEY ARC BASIC
242 b2 n18 168 1 0 IB218 0.00000 0.000 245 16 DONKEY ARC BASIC
243 c2 n18 122 1 0 XC218 1.00000 122.000 246 17 DONKEY ARC BASIC
244 d2 nI1 145 1 0 XD218 0.00000 0.000 247 18 DONKEY ARC BASIC
245 e2 nI8 169 1 0 1E218 0.00000 0.000 248 19 KEY-ARC BASIC
246 f2 n18 156 1 0 XF218 0.00000 0.000 249 20 DONKEY ARC BASIC
247 g2 n18 164 1 0 1G218 0.00000 0.000 250 21 DONKEY ARC BASIC
248 h2 n18 160 1 0 11218 0.00000 0.000 251 22 DONKEY ARC BASIC
249 i2 n18 176 1 0 11218 0.00000 0.000 252 23 DONKEY ARC BASIC
250 j2 n18 175 1 0 13218 0.00000 0.000 253 24 DONKEY ARC BASIC
251 k2 ni8 107 1 0 11218 0.00000 0.000 254 25 DONKEY ARC BASIC
252 12 nM8 91 1 0 IL218 1.00000 91.000 255 26 DONKEY ARC BASIC
253 a2 n19 0 1 0 XA219 0.00000 0.000 256 15 DONKEY ARC BASIC
254 b2 n19 182 1 0 18219 0.00000 0.000 257 16 KEY-ARC BASIC
255 c2 n19 151 1 0 1C219 1.00000 151.000 258 17 DONKEY ARC BASIC
256 d2 n19 166 1 0 1D219 0.00000 0.000 259 18 DONKEY ARC BASIC
257 e2 n19 180 1 0 IE219 0.00000 0.000 260 19 DONKEY ARC BASIC
258 f2 n19 174 1 0 XF219 0.00000 0.000 261 20 DONKEY ARC BASIC
259 g2 n19 180 1 0 XG219 0.00000 0.000 262 21 DONKEY ARC BASIC
260 h2 n19 177 1 0 11219 0.00000 0.000 263 22 DONKEY ARC BASIC
261 i2 n19 187 1 0 11219 0.00000 0.000 264 23 DONKEY ARC BASIC
262 j2 n19 185 1 0 1J219 0.00000 0.000 -2407 265 24 LOWERBD DONBASIC
263 k2 n19 144 1 0 11219 0.00000 0.000 266 25 DONKEY ARC BASIC
264 12 n19 135 1 0 1L219 1.00000 135.000 267 26 DONKEY ARC BASIC
265 a2 n20 60 1 0 XA220 0.00000 0.000 268 15 DONKEY ARC BASIC
266 b2 n20 60 1 0 1B220 0.00000 0.000 269 16 DONKEY ARC BASIC
267 c2 n20 60 1 0 1C220 1.00000 60.000 270 17 KEY-ARC BASIC
268 d2 n20 60 1 0 1D220 0.00000 0.000 271 18 ONKEY ARC BASIC
269 e2 n20 60 1 0 ZE220 0.00000 0.000 272 19 DONKEY ARC BASIC
270 f2 n20 60 1 0 XF220 0.00000 0.000 273 20 DONKEY ARC BASIC
271 g2 n20 60 1 0 XG220 0.00000 0.000 274 21 DONKEY ARC BASIC
272 h2 n20 60 1 0 18220 0.00000 0.000 275 22 DONKEY ARC BASIC
273 i2 n20 60 1 0 11220 0.00000 0.000 276 23 DONKEY ARC BASIC
274 j2 n20 60 1 0 13220 0.00000 0.000 277 24 DONKEY ARC BASIC
275 k2 n20 60 1 0 11220 0.00000 0.000 278 25 DONKEY ARC BASIC
276 12 n20 60 1 0 IL220 1.00000 60.000 279 26 NONKEY ARC BASIC
277 a2 n21 36 1 0 XA221 0.00000 0.000 280 15 DONKEY ARC BASIC
278 b2 n21 187 1 0 IB221 0.00000 0.000 281 16 DONKEY ARC BASIC
279 c2 n21 207 1 0 XC221 1.00000 207.000 282 17 DONKEY ARC BASIC
280 d2 n21 212 1 0 XD221 0.00000 0.000 283 18 DONKEY ARC BASIC
281 e2 n21 201 1 0 ZE221 0.00000 0.000 284 19 DONKEY ARC BASIC
282 f2 n21 215 1 0 IF221 0.00000 0.000 285 20 KEY-ARC BASIC
283 g2 n21 219 1 0 1G221 0.00000 0.000 -1951 286 21 LOWERBD DONBASIC
284 h2 n21 217 1 0 11221 0.00000 0.000 287 22 DONKEY ARC BASIC
285 i2 n2l 164 1 0 11221 0.00000 0.000 288 23 ONKEY ARC BASIC
286 j2 n21 170 1 0 13221 0.00000 0.000 289 24 DONKEY ARC BASIC
287 k2 n21 203 1 0 11221 0.00000 0.000 290 25 DONKEY ARC BASIC
288 12 n21 200 1 0 1L221 1.00000 200.000 291 26 DONKEY ARC BASIC
289 a2 n22 61 1 0 ZA222 0.00000 0.000 292 15 ONKEY ARC BASIC
290 b2 n22 224 1 0 XB222 0.00000 0000 293 16 DONKEY ARC BASIC
291 c2 n22 197 1 0 1C222 1.00000 197.000 294 17 ONKEY ARC BASIC
292 d2 n22 212 1 0 XD222 0.00000 0.000 295 18 DONKEY ARC BASIC
293 .2 n22 214 1 0 1E222 0.00000 0.000 296 19 DONKEY ARC BASIC
294 f2 n22 212 1 0 IF222 0.00000 0.000 297 20 DONKEY ARC BASIC
296 g2 n22 211 1 0 1X222 0.00000 0.000 298 21 DONKEY ARC BASIC
296 h2 n22 212 1 0 X1222 0.00000 0.000 299 22 DONKEY ARC BASIC
297 12 n22 213 1 0 X1222 0.00000 0.000 300 23 DONKEY ARC BASIC
298 j2 n22 214 1 0 1J222 0.00000 0.000 301 24 KEY-ARC BASIC
299 k2 n22 196 1 0 11222 0.00000 0.000 302 25 DONKEY ARC BASIC
300 12 n22 190 1 0 1L222 1.00000 190.000 303 26 DONKEY ARC BASIC
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301 a2 n23 300 1 0 XA223 0 0 -199999700 304 15 LOVERBD NUNBASIC
302 b2 m23 240 1 0 IB223 0 0 305 16 DONKEY ARC BASIC
303 c2 n23 251 1 0 IC223 1 251 306 17 DONKEY ARC BASIC
304 d2 n23 246 1 0 XD223 0 0 307 13 DONKEY ARC BASIC
305 e2 x23 238 1 0 1E223 0 0 308 19 DONKEY ARC BASIC
306 f2 n23 242 1 0 IF223 0 0 309 20 DONKEY ARC BASIC
307 g2 u23 240 1 0 XG223 0 0 310 21 SONKEY ARC BASIC
308 h2 n23 241 1 0 XH223 0 0 311 22 DOIKEY ARC BASIC
309 i2 x23 237 1 0 X1223 0 0 312 23 DONKEY ARC BASIC
310 j2 a23 237 1 0 1J223 0 0 313 24 DONKEY ARC BASIC
311 k2 a23 256 1 0 X1223 0 0 314 25 DONKEY ARC BASIC
312 12 x23 260 1 0 XL223 1 260 315 26 KEY-ARC BASIC
313 a2 a24 300 1 0 1A224 0 0 316 15 DONKEY ARC BASIC
314 b2 x24 239 1 0 XB224 0 0 317 16 DONKEY ARC BASIC
315 c2 m24 252 1 0 XC224 1 252 318 17 DONKEY ARC BASIC
316 d2 z24 246 1 0 XD224 0 0 319 18 DONKEY ARC BASIC
317 o2 n24 240 1 0 XE224 0 0 320 19 DONKEY ARC BASIC
318 f2 n24 243 1 0 XF224 0 0 321 20 DONKEY ARC BASIC
319 g2 x24 240 1 0 XG224 0 0 322 21 DONKEY ARC BASIC
320 h2 n24 241 1 0 XH224 0 0 323 22 DONKEY ARC BASIC
321 i2 n24 238 1 0 11224 0 0 324 23 DONKEY ARC BASIC
322 j2 a24 239 1 0 XJ224 0 0 325 24 DONKEY ARC BASIC
323 k2 x24 255 1 0 11224 0 0 326 25 KEY-ARC BASIC
324 12 n24 261 1 0 1L224 1 261 327 26 DONKEY ARC BASIC
325 a2 &25 300 1 0 IA225 0 0 328 15 DONKEY ARC BASIC
326 b2 x25 214 1 0 XB225 0 0 329 16 DONKEY ARC BASIC
327 c2 n2S 290 1 0 XC225 1 290 330 17 DONKEY ARC BASIC
328 d2 z26 277 1 0 ID225 0 0 331 18 DONKEY ARC BASIC
329 *2 a25 219 1 0 XE225 0 0 332 19 DONKEY ARC BASIC
330 f2 x25 250 1 0 XF225 0 0 333 20 DONKEY ARC BASIC
331 g2 a2S 224 1 0 1G225 0 0 334 21 DONKEY ARC BASIC
332 h2 n26 232 1 0 1X225 0 0 335 22 DONKEY ARC BASIC
333 12 x25 200 1 0 11225 0 0 336 23 DONKEVARC BASIC
334 j2 x25 205 1 0 13225 0 0 337 24 DONKEY ARC BASIC
335 k2 n25 300 1 0 11225 0 0 338 25 DONKEY ARC BASIC
336 12 x25 300 1 0 1L225 1 300 339 26 KEYrARC BASIC
337 a2 a26 300 1 0 1A226 0 0 340 15 BONBEY ARC BASIC
338 b2 x26 163 1 0 1B226 0 0 341 16 DONKEY ARC BASIC
339 c2 n26 215 1 0 1C226 1 215 342 17 DONKEY ARC BASIC
340 d2 n26 185 1 0 1D226 0 0 343 18 DONKEY ARC BASIC
341 .2 n26 163 1 0 1E226 0 0 344 19 RODKEY ARC BASIC
342 f2 a26 173 1 0 1F226 0 0 345 20 BOBKEY ARC BASIC
343 S2 x26 166 1 0 16226 0 0 346 21 DONKEY ARC BASIC
344 h2 n26 169 1 0 11226 0 0 347 22 DONKEY ARC BASIC
345 i2 x26 153 1 0 11226 0 0 348 23 DONKEY ARC BASIC
346 j2 n26 155 1 0 11226 0 0 349 24 DONKEY ARC BASIC
347 k2 n26 234 1 0 11226 0 0 350 26 KEY-ARC BASIC
348 12 a26 254 1 0 ZL226 1 254 351 26 DONKEY ARC BASIC
349 a2 n27 300 1 0 1A227 0 0 352 15 DONKEY ARC BASIC
350 b2 n27 157 1 0 XB227 0 0 353 16 DONKEY ARC BASIC
351 c2 n27 215 1 0 1C227 1 215 354 17 DONKEY ARC BASIC
352 d2 n27 180 1 0 1D227 0 0 355 18 DONKEY ARC BASIC
353 Q2 n27 155 1 0 ZE227 0 0 356 19 DONKEY ARC BASIC
354 f2 n27 166 1 0 IF227 0 0 357 20 DODNEY ARC BASIC
355 g2 n27 164 1 0 1G227 0 0 358 21 DONKEY ARC BASIC
356 h2 n27 158 1 0 XH227 0 0 369 22 DONKEY ARC BASIC
357 12 &27 144 1 0 11227 0 0 -3 360 23 LOVEIBD DONBASIC
358 J2 n27 150 1 0 13227 0 0 361 24 DONKEY ARC BASIC
369 k2 u27 232 1 0 11227 0 0 362 25 KEY-ARC BASIC
360 12 n27 265 1 0 IL227 1 265 363 26 DONKEY ARC BASIC
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361 a2 n28 300 1 0 ZA228 0 0 364 15 BONKEY ARC BASIC
362 b2 m28 245 1 0 1B228 0 0 365 16 BONNEY ARC BASIC
363 c2 n28 296 1 0 IC228 1 296 366 17 BONNEY ARC BASIC
364 d2 n28 288 1 0 1D228 0 0 367 18 BONKEY ARC BASIC
366 e2 n28 251 1 0 XE228 0 0 368 19 BONNEY ARC BASIC
366 f2 n28 280 1 0 XF228 0 0 369 20 BONKEY ARC BASIC
367 g2 n28 255 1 0 XG228 0 0 370 21 BONKEY ARC BASIC
368 h2 n28 267 1 0 X1228 0 0 371 22 BONNEY ARC BASIC
369 i2 n28 219 1 0 11228 0 0 372 23 BONKEY ARC BASIC
370 j2 n28 224 1 0 XJ228 0 0 373 24 BONNEY ARC BASIC
371 k2 n28 300 1 0 X1228 0 0 -200000036 374 25 LOVERBD DONBASIC
372 12 n28 300 1 0 11228 1 300 375 26 KEY-ARC BASIC
373 a2 n29 300 1 0 ZA229 0 0 376 15 BONNEY ARC BASIC
374 b2 n29 168 1 0 XB229 0 0 -14 377 16 LOVERBD NONBASIC
375 c2 n29 243 1 0 XC229 1 243 378 17 BONNEY ARC BASIC
376 d2 n29 202 1 0 1D229 0 0 379 18 BONNEY ARC BASIC
377 e2 n29 173 1 0 1E229 0 0 380 19 DONKEY ARC BASIC
378 f2 n29 186 1 0 XF229 0 0 381 20 BONNEY ARC BASIC
379 g2 n29 174 1 0 XG229 0 0 382 21 BONNEY ARC BASIC
380 h2 n29 177 1 0 I1229 0 0 383 22 BONNEY ARC BASIC
381 i2 u29 162 1 0 11229 0 0 384 23 BONNEY ARC BASIC
382 j2 n29 162 1 0 XJ229 0 0 385 24 BONNEY ARC BASIC
383 k2 n29 295 1 0 11229 0 0 386 25 KETA-IC BASIC
384 12 n29 299 1 0 1L229 1 299 387 26 BONNEYARCBASIC
385 a2 n30 300 1 0 1A230 0 0 388 16 BONNKYARC BASIC
386 b2 n30 168 1 0 XB230 0 0 -13 389 16 LOVERBD NONBASIC
387 c2 n30 244 1 0 1C230 1 244 390 17 DONKEY ARC BASIC
388 d2 .30 202 1 0 1X230 0 0 391 18 NORY ARC BASIC
389 e2 n30 172 1 0 XE230 0 0 392 19 DONKEY ARC BASIC
390 f2 n30 185 1 0 XF230 0 0 393 20 KEAIkC BASIC
391 g2 n30 172 1 0 1G230 0 0 394 21 BONKEY ARC BASIC
392 h2 .30 178 1 0 X1230 0 0 395 22 DONKEY ARC BASIC
393 i2 .30 161 1 0 11230 0 0 -19 396 23 LONEIBD DOnUASIC
394 j2 .30 162 1 0 XJ230 0 0 397 24 BONNEY ARC BASIC
395 k2 n30 295 1 0 11230 0 0 398 25 DONNEY ARC BASIC
396 12 n30 298 1 0 1L230 1 298 399 26 DONKEY ARC BASIC
397 a2 n31 300 1 0 1A231 0 0 400 16 NORKYARC BASIC
398 b2 .31 191 1 0 1B231 0 0 401 16 5ON1EY ARC BASIC
399 c2 n31 289 1 0 XC231 1 289 402 17 DONKEY ARC BASIC
400 d2 n31 237 1 0 XD231 0 0 403 18 BONNEY ARC BASIC
401 .2 n31 196 1 0 X1231 0 0 404 19 BONNEY ARC BASIC
402 f2 .31 214 1 0 XF231 0 0 405 20 DONKEY ARC BASIC
403 g2 .31 198 1 0 X0231 0 0 406 21 BONNEY ARC BASIC
404 h2 n31 205 1 0 15231 0 0 407 22 DONKEY ARC BASIC
405 i2 n31 180 1 0 11231 0 0 408 23 DONKEY ARC BASIC
406 j2 .31 182 1 0 X3231 0 0 409 24 DONNEY ARC BASIC
407 k2 n31 293 1 0 11231 0 0 410 26 KEY-ARC BASIC
408 12 .31 298 1 0 1L231 1 298 411 26 DONKEY ARC BASIC
409 a2 n32 300 1 0 X1A232 0 0 412 15 DONKEY ARC BASIC
410 b2 n32 181 1 0 1B232 0 0 413 16 BONKEY ARC BASIC
411 c2 n32 292 1 0 1C232 1 292 414 17 DONKEY ARC BASIC
412 d2 n32 221 1 0 ID232 0 0 415 18 DONKEY ARC BASIC
413 o2 .32 185 1 0 XE232 0 0 416 19 IONKEY ARC BASIC
414 f2 n32 200 1 0 1F232 0 0 417 20 DONKEY ARC BASIC
415 g2 n32 186 1 0 XG232 0 0 418 21 DONKEY ARC BASIC
416 h2 n32 192 1 0 11232 0 0 419 22 BONKEY ARC BASIC
417 12 n32 174 1 0 X1232 0 0 420 23 DONKEY ARC BASIC
418 j2 n32 176 1 0 13232 0 0 421 24 DONKEY ARC BASIC
419 k2 n32 295 1 0 11232 0 0 422 25 K-. ARC BASIC
420 12 n32 298 1 0 1L232 1 298 423 26 DONKEY ARC BASIC
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421 a3 n33 0 1 0 XA333 0 0 424 28 BONNEY ARC BASIC
422 b3 n33 139 1 0 IBX33 0 0 425 29 KEY-ARC BASIC
423 c3 n33 47 1 0 XC333 1 47 426 30 NONKEY ARC BASIC
424 d3 n33 100 1 0 XD333 0 0 427 31 BONKEY ARC BASIC
425 e3 n33 134 1 0 XE333 0 0 428 32 BONKEY ARC BASIC
426 f3 n33 119 1 0 XF333 0 0 429 33 BONKEY ARC BASIC
427 g

3  
n33 132 1 0 XG333 0 0 430 34 DONKEY ARC BASIC

428 h3 n33 127 1 0 XH333 0 0 431 35 BONKEY ARC BASIC
429 i3 n33 148 1 0 X1333 0 0 432 36 BONKEY ARC BASIC
430 j3 n33 144 1 0 X3333 0 0 433 37 BONNEY ARC BASIC
431 k3 n33 0 1 0 XK333 0 0 434 38 DONKEY ARC BASIC
432 13 n33 0 1 0 XL333 1 0 435 39 BONNEY ARC BASIC
433 a3 n34 64 1 0 IA334 0 0 436 28 BONKEY ARC BASIC
434 b3 n34 64 1 0 XB334 0 0 437 29 DONKEY ARC BASIC
435 c3 n34 64 1 0 XC334 1 64 438 30 BONNEY ARC BASIC
436 d3 n34 64 1 0 1D334 0 0 439 31 BONNEY ARC BASIC
437 e3 n34 64 1 0 XE334 0 0 440 32 DONKEY ARC BASIC
438 f3 n34 64 i 0 XF334 0 0 441 33 KEY-ARC BASIC
439 g3 n34 64 1 0 XG334 0 0 442 34 DONKEY ARC BASIC
440 h3 n34 64 1 0 XR334 0 0 443 35 DONKEY ARC BASIC
441 i3 n34 60 1 0 X1334 0 0 444 36 BONNEY ARC BASIC
442 j3 n34 56 1 0 X3334 0 0 445 37 BONNEY ARC BASIC
443 k3 n34 64 1 0 XK334 0 0 446 38 BONNEY ARC BASIC
444 13 n34 64 1 0 XL334 1 64 447 39 BONNEY ARC BASIC
445 a3 n35 62 1 0 XA335 0 0 448 28 BONNEY ARC BASIC
446 b3 n35 57 1 0 XB33S 0 0 449 29 BONNEY ARC BASIC
447 :.3 n35 59 1 0 IC335 1 59 450 30 BONKEY ARC BASIC
448 d3 n35 67 1 0 XD335 0 0 451 31 BONNEY ARC BASIC
449 e3 n35 61 1 0 XE335 0 0 -2130 452 32 LOWERBD DONBASIC
450 f3 n35 61 1 0 XF335 0 0 453 33 BONKEY ARC BASIC
451 g3  

n36 62 1 0 XG336 0 0 454 34 KEY-ARC BASIC
452 h3 n36 62 1 0 X1336 0 0 -1857 455 35 LOWERBD NOBBASIC
453 i3 n35 56 1 0 X1335 0 0 456 36 DONKEY ARC BASIC
454 j3 n35 56 1 0 X3335 0 0 457 37 DONKEY ARC BASIC
455 k3 n35 62 1 0 1K335 0 0 458 38 DONKEY ARC BASIC
456 13 n35 55 1 0 IL335 1 55 459 39 DONKEY ARC BASIC
457 a3 n36 60 1 0 1A336 0 0 460 28 ;CIUFY ARC BASIC
458 b3 n36 60 1 0 X3336 0 0 461 29 DONKEY ARC BASIC
459 c3 n36 60 1 0 XC336 1 60 462 30 BONNEY ARC BASIC
460 d3 n36 90 1 0 1D336 0 0 463 31 DONKEY ARC BASIC
461 e3 u36 60 1 0 XE336 0 0 464 32 BONNEY ARC BASIC
462 f3 u36 90 1 0 XF336 0 0 465 33 DONKEY ARC BASIC
463 g3 n36 90 1 0 1G336 0 0 466 34 KEYARC BASIC
464 h3 n36 90 1 0 1H336 0 0 467 35 BONKEY ARC BASIC
465 i3 n36 90 1 0 XI336 0 0 468 36 DONKEY ARC BASIC
466 j3 u36 60 1 0 XJ336 0 0 469 37 BONNEY ARC BASIC
467 k3 n36 60 1 0 X1K336 0 0 470 38 DONKEY ARC BASIC
468 13 n36 60 1 0 XL336 1 60 60 471 39 UPPERBD NONBASIC
469 a3 n37 300 1 0 XA337 0 0 472 28 DONKEY ARC BASIC
470 b3 n37 243 1 0 XB337 0 0 473 29 DOIKEY ARC BASIC
471 c3 n37 244 1 0 XC337 1 244 474 30 KEY-ARC BASIC
472 d3 n37 244 1 0 XD337 0 0 475 31 BONKEY ARC BASIC
473 e3 n37 222 1 0 XE337 0 0 476 32 BONNEY ARC BASIC
474 f3 n37 244 1 0 1F337 0 0 477 33 BONNEY ARC BASIC
475 g3 n37 244 1 0 XG337 0 0 478 34 DONKEY ARC BASIC
476 h3 n37 214 1 0 XB337 0 0 479 35 BONNEY ARC BASIC
477 D3 n37 183 1 0 11337 0 0 480 36 DONKEY ARC BASIC
478 j3 n37 243 1 0 1J337 0 0 481 37 ROWNEY ARC BASIC
479 k3 n37 244 1 0 11337 0 0 482 38 DONKEY ARC BASIC
480 13 n37 244 1 0 1L337 1 244 483 39 DONKEY ARC BASIC
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481 a3 u38 214 1 0 1A338 0 0 484 28 NONKEY ARC BASIC
482 b3 n38 148 1 0 1B338 0 0 485 29 IONKEY ARC BASIC
483 c3 n38 164 1 0 1C338 1 164 486 30 DONKEY ARC BASIC
484 d3 a38 155 1 0 1D338 0 0 487 31 DONKEY ARC BASIC
485 e3 n38 149 1 0 1E338 0 0 488 32 DODKEY ARC BASIC
486 f3 &38 152 1 0 IF338 0 0 489 33 NONKEY ARC BASIC
487 g3 u38 149 1 0 1G338 0 0 490 34 NONKEY ARC BASIC
488 h3 a38 150 1 0 11338 0 0 491 35 NONKEY ARC BASIC
489 i3 u38 145 1 0 11338 0 0 492 36 DONKEY ARC BASIC
490 j3 n38 148 1 0 IJ338 0 0 493 37 NONIEY ARC BASIC
491 k3 n38 169 1 0 11338 0 0 494 38 KEY-ARC BASIC
492 13 738 173 1 0 IL338 1 173 495 39 DONKEY ARC BASIC
493 a3 n39 300 1 0 11339 0 0 496 28 NO0KEY ARC BASIC
494 b3 a39 149 1 0 1B339 0 0 497 29 DONKEY ARC BASIC
495 c3 a39 214 1 0 XC339 1 214 498 30 NONKEY ARC BASIC
496 d3 s39 180 1 0 1D339 0 0 499 31 NONKEY ARC BASIC
497 e3 u39 164 1 0 IE339 0 0 S00 32 DONKEY ARC BASIC
498 f3 n39 167 1 0 1F339 0 0 501 33 DONKEY ARC BASIC
499 g3 n39 158 1 0 XG339 0 0 502 34 NONIEY ARC BASIC
500 h3 n39 159 1 0 1X339 0 0 503 35 DONKEY ARC BASIC
501 i3 n39 147 1 0 11339 0 0 504 36 DONKEY ARC BASIC
502 j3 n39 149 1 0 13339 0 0 505 37 DONKEY ARC BASIC
503 k3 m39 232 1 0 IK339 0 0 506 38 DONKEY ARC BASIC
504 13 n39 250 1 0 XL339 1 250 507 39 KEY-ARC BASIC
505 &3 n40 300 1 0 1A340 0 0 508 28 1ONKEY ARC BASIC
506 b3 n40 191 1 0 1B340 0 0 509 29 DONKEY ARC BASIC
507 c3 n40 300 1 0 1C340 1 300 510 30 DONKEY ARC BASIC
508 d3 n40 230 1 0 1D340 0 0 511 31 DONKEY ARC BASIC
509 .3 340 180 1 0 1E340 0 0 512 32 DOiKEY ARC BASIC
510 f3 n40 215 1 0 1F340 0 0 513 33 DONKEY ARC BASIC
511 g3 n40 193 1 0 1G340 0 0 514 34 DONKEY ARC BASIC
512 h3 n40 182 1 0 11340 0 0 515 35 DONKEY ARC BASIC
513 i3 n40 179 1 0 11340 0 0 516 36 DONKEY ARC BASIC
514 j3 m40 180 1 0 1J340 0 0 517 37 DONKEY ARC BASIC
515 k3 n40 290 1 0 I1340 0 0 518 38 DONKEY ARC BASIC
516 13 n40 298 1 0 IL340 1 298 519 39 KEY-ARC BASIC
517 a3 n41 300 1 0 1A341 0 0 520 28 DONKEY ARC BASIC
518 b3 n41 186 1 0 1B341 0 0 521 29 DONKEY ARC BASIC
519 c3 n41 284 1 0 XC341 1 284 522 30 DONKEY ARC BASIC
520 d3 n41 234 1 0 1D341 0 0 523 31 DONKEY ARC BASIC
521 .3 n41 199 1 0 1E341 0 0 524 32 DONKEY ARC BASIC
522 f3 n41 211 1 0 IF341 0 0 525 33 DONKEY ARC BASIC
523 g3 n41 203 1 0 IG341 0 0 526 34 ONKLEY ARC BASIC
524 h3 n41 212 1 0 11341 0 0 527 35 DONKEY ARC BASIC
525 i3 n41 178 1 0 11341 0 0 528 36 DONKEY ARC BASIC
526 j3 n41 179 1 0 13341 0 0 529 37 DOIKEY ARC BASIC
527 k3 n41 296 1 0 1K341 0 0 530 38 KEY-ARC BASIC
528 13 n41 298 1 0 1L341 1 298 531 39 DONKEY ARC BASIC
529 &3 n42 300 1 0 X1A342 0 0 532 28 DONKEY ARC BASIC
630 b3 n42 144 1 0 IB342 0 0 533 29 NOUKEY ARC BASIC
531 c3 n42 192 1 0 IC342 1 192 534 30 DONKEY ARC BASIC
532 d3 n42 168 1 0 1D342 0 0 535 31 DONKEY ARC BASIC
533 .3 n42 142 1 0 X1342 0 0 536 32 DONKEY ARC BASIC
534 f3 z42 153 1 0 IF342 0 0 537 33 DONKEY ARC BASIC
535 g3 n42 144 1 0 IG342 0 0 538 34 DONKEY ARC BASIC
536 h3 n42 150 1 0 11342 0 0 539 35 DONKEY ARC BASIC
537 13 n42 133 1 0 11342 0 0 540 36 ONKEY ARC BASIC
538 j3 n42 133 1 0 13342 0 0 541 37 DONKEY ARC BASIC
539 k3 n42 204 1 0 19342 0 0 542 38 KEY-ARC BASIC
540 13 u42 228 1 0 U.342 1 228 543 39 DONKEY ARC BASIC
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541 a3 n43 300 1 0 1A343 0 0 544 28 BO1EY ARC BASIC
542 W3 n43 158 1 0 I1343 0 0 -2147 545 29 LOVERBD IOBBASIC
543 c3 n43 222 1 0 IC343 1 222 546 30 O3NEY ARC BASIC
544 d3 n43 189 1 0 ID343 0 0 547 31 3O3KEY ARC BASIC
545 e3 n43 162 1 0 1E343 0 0 548 32 BONKEY ARC BASIC
546 f3 n43 173 1 0 IF343 0 0 549 33 BO11EY ARC BASIC
547 g3 n43 164 1 0 10343 0 0 550 34 BON1Y ARC BASIC
548 h3 n43 168 1 0 11343 0 0 551 35 BO1EY ARC BASIC
549 i3 n43 155 1 0 11343 0 0 552 36 BO1EY ARC BASIC
550 j3 n43 153 1 0 13343 0 0 553 37 O11EY ARC BASIC
551 k3 n43 251 1 0 X1343 0 0 554 38 IEY-ARC BASIC
552 13 n43 300 1 0 IL343 1 300 555 39 BONNEY ARC BASIC
653 a3 n44 300 1 0 1A344 0 0 656 28 BONNEYARC BASIC
554 b3 n44 182 1 0 X1344 0 0 557 29 O1NEY ARC BASIC
555 c3 n44 290 1 0 1C344 1 290 558 30 101EY ARC BASIC
556 d3 n44 226 1 0 1D344 0 0 559 31 101EY ARC BASIC
557 e3 n44 188 1 0 X1344 0 0 560 32 BONNEY ARC BASIC
568 f3 a44 206 1 0 XF344 0 0 561 33 1ON1EY ARC BASIC
659 g3 n44 191 1 0 1X344 0 0 562 34 BO1EY ARC BASIC
560 h3 n44 196 1 0 1X344 0 0 563 35 B0N1EY ARC BASIC
561 i3 n44 173 1 0 11344 0 0 -2426 564 36 LOVERBD NOIBASIC
562 j3 n44 176 1 0 X3344 0 0 565 37 101EY ARC BASIC
563 k3 n44 294 1 0 X1344 0 0 566 38 KEY-ARC BASIC
564 13 n44 297 1 0 XI344 1 297 567 39 10N3EY ARC BASIC
565 a3 n45 300 1 0 XA345 0 0 568 28 BO13EY ARC BASIC
566 W3 n46 182 1 0 1B345 0 0 569 29 IONNEY ARC BASIC
567 c3 n46 288 1 0 IC345 1 288 570 30 1O11EY ARC BASIC
568 d3 n45 226 1 0 XD345 0 0 571 31 3ON1EY ARC BASIC
569 e3 n45 186 1 0 XE345 0 0 572 32 BON1EY ARC BASIC
570 f3 n45 200 1 0 1F345 0 0 573 33 BO11EY ARC BASIC
571 g3 n46 187 1 0 X6345 0 0 574 34 1O31EY ARC BASIC
572 h3 n46 194 1 0 11345 0 0 575 35 1ON1EY ARC BASIC
573 i3 n45 173 1 0 11346 0 0 576 36 1O11EY ARC BASIC
574 j3 n45 176 1 0 13345 0 0 577 37 1O11EY ARC BASIC
575 k3 n45 292 1 0 X1345 0 0 578 38 KEY-ARC BASIC
576 13 n46 297 1 0 IL345 1 297 579 39 BO11EY ARC BASIC
577 a3 n46 300 1 0 XA346 0 0 -2899999656 680 28 LOUEIBD DOBBASIC
578 b3 n46 164 1 0 X1346 0 0 581 29 BONNEYARC BASIC
579 c3 n46 236 1 0 XC346 1 236 582 30 BONNEYARC BASIC
580 d3 n46 194 1 0 XD346 0 0 583 31 BONNEY ARC BASIC
581 .3 n46 167 1 0 1E346 0 0 584 32 BO11EY ARC BASIC
582 f3 n46 182 1 0 XF346 0 0 585 33 DOIKEY ARC BASIC
583 g3 n46 168 1 0 1G346 0 0 586 34 BONNEY ARC BASIC
584 h3 n46 174 1 0 X1346 0 0 687 36 1031Y ARC BASIC
585 i3 u46 158 1 0 11346 0 0 588 36 BO1EY ARC BASIC
586 j3 n46 160 1 0 13346 0 0 589 37 101EY ARC BASIC
587 k3 n46 271 1 0 11346 0 0 590 38 KEY-ARC BASIC
588 13 n46 299 1 0 11.346 1 299 591 39 BIONEY ARC BASIC
589 a3 n47 300 1 0 1A347 0 0 692 28 BO13EY ARC BASIC
590 b3 n47 149 1 0 X1347 0 0 593 29 BONNEYARC BASIC
591 c3 n47 199 1 0 XC347 1 199 594 30 3O1KEY ARC BASIC
592 d3 n47 172 1 0 1D347 0 0 595 31 3031EY ARC BASIC
693 .3 M7 148 1 0 XE347 0 0 596 32 BO1EY ARC BASIC
594 f3 n47 161 1 0 1F347 0 0 597 33 101EY ARC BASIC
595 g3 n47 149 1 0 16347 0 0 598 34 1O3KEY ARC BASIC
596 h3 n47 154 1 0 11347 0 0 599 35 IBONEYARC BASIC
597 i3 n47 141 1 0 11347 0 0 600 36 3O01EY ARC BASIC
598 j3 n47 144 1 0 1J347 0 0 601 37 BO1EY ARC BASIC
599 k3 n47 215 1 0 X1347 0 0 602 38 KEY-ARC BASIC
600 13 n47 230 1 0 1L347 1 230 603 39 BONNEY ARC BASIC
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601 a3 n48 165 1 0 1A348 0 0 604 28 ROWNEY ARC BASIC
602 b3 n48 159 1 0 XB348 0 0 605 29 BONKEY ARC BASIC
603 c3 n48 165 1 0 XC348 1 165 606 30 NONKEY ARC BASIC
604 d3 n48 165 1 0 XD348 0 0 607 31 KEY-ARC BASIC
605 e3 n48 155 1 0 XE348 0 0 608 32 BONKEY ARC BASIC
606 f3 n48 163 1 0 1F348 0 0 609 33 DONKEY ARC BASIC
607 g3 n48 158 1 0 1G348 0 0 610 34 ROWNEY ARC BASIC
608 h3 n48 162 1 0 X3348 0 0 611 35 BONNEY ARC BASIC
609 i3 n48 147 1 0 X1348 0 0 612 36 ROWKEY ARC BASIC
610 j3 n48 155 1 0 XJ348 0 0 613 37 iONKEY ARC BASIC
611 k3 n48 165 1 0 11348 0 0 614 38 ROWNEY ARC BASIC
612 13 n48 165 1 0 XL348 1 165 615 39 RONWEY ARC BASIC
613 t s1 0 99999999 0 ITSI 32 0 1 88 KEY-ARC BASIC
614 t s2 0 99999999 0 XTS2 32 0 14 88 KEY-ARC BASIC
615 t s3 0 99999999 0 XTS3 32 0 27 88 KEY-ARC BASIC
616 nOl t 0 2 0 101T D 2 0 616 40 NOIKEY ARC BASIC
617 n02 t 0 2 0 X02T D 2 0 617 41 ROWNEY ARC BASIC
618 n03 t 0 2 0 X03T D 2 0 618 42 RONKEY ARC BASIC
619 n04 t 0 2 0 X04T D 2 0 619 43 ROWNEY ARC BASIC
620 nO5 t 0 2 0 1OST D 2 0 620 44 ROWNEY ARC BASIC
621 nO6 t 0 2 0 X06T D 2 0 621 45 ROWKEYARC BASIC
622 nO7 t 0 2 0 X07T D 2 0 622 46 ROWKEY ARC BASIC
623 nO8 t 0 2 0 108T D 2 0 623 47 ROWKEY ARC BASIC
624 nO9 t 0 2 0 X09T D 2 0 624 48 IOIKEY ARC BASIC
625 nlO t 0 2 0 IOT D 2 0 625 49 NONKEY ARC BASIC
626 nll t 0 2 0 X11T D 2 0 626 50 BONIEY ARC BASIC
627 n12 t 0 2 0 X12T D 2 0 627 51 ROWIEY ARC BASIC
628 n13 t 0 2 0 X13T D 2 0 1861 628 52 UPPERBD NOIBASIC
629 n14 t 0 2 0 X14T D 2 0 1349 629 53 UPPERBD IONBASIC
630 nMS t 0 2 0 115T D 2 0 630 54 MONKEY ARC BASIC
631 n16 t 0 2 0 116T D 2 0 631 55 NORKEY ARC BASIC
632 n17 t 0 2 0 X17T D 2 0 632 56 BOIKEY ARC BASIC
633 n18 t 0 2 0 X18T D 2 0 91 633 57 UPPERBD NOIBASIC
634 n19 t 0 2 0 119T D 2 0 135 634 58 UPPERBD DONBASIC
635 n20 t 0 2 0 120T D 2 0 60 635 59 UPPERBD DONBASIC
636 n21 t 0 2 0 121T D 2 0 200 636 60 UPPERBD NOBBASIC
637 n22 t 0 2 0 X22T D 2 0 190 637 61 UPPERBD DONBASIC
638 n23 t 0 2 0 123T D 2 0 260 638 62 UPPERBD NORBASIC
639 n24 t 0 2 0 X24T D 2 0 261 639 63 UPPERBD DONBASIC
640 n26 t 0 2 0 125T D 2 0 300 640 64 UPPERBD NONBASIC
641 n26 t 0 2 0 126T D 2 0 254 641 65 UPPERBD NONBASIC
642 n27 t 0 2 0 X27T D 2 0 265 642 66 UPPERBD DONBASIC
643 n28 t 0 2 0 X28T D 2 0 300 643 67 UPPERBD NONBASIC
644 n29 t 0 2 0 X29T D 2 0 299 644 68 UPPERBD NOIBASIC
646 n30 t 0 2 0 130T D 2 0 298 645 69 UPPERBD NOIBASIC
646 n31 t 0 2 0 131T D 2 0 298 646 70 UPPERBD BOBBASIC
647 n32 t 0 2 0 132T D 2 0 298 647 71 UPPERBD NONBASIC
648 n33 t 0 2 0 X33T D 2 0 648 72 NODKEY ARC BASIC
649 n34 t 0 2 0 X34T D 2 0 64 649 73 UPPERBD NONBASIC
650 n36 t 0 2 0 135T D 2 0 55 650 74 UPPERBD NOSBASIC
651 n36 t 0 2 0 X36T D 2 0 651 75 IOIKEY ARC BASIC
652 n37 t 0 2 0 137T D 2 0 244 652 76 UPPERBD NONBASIC
663 n38 t 0 2 0 138T D 2 0 173 653 77 UPPERBD DOBBASIC
654 n39 t 0 2 0 139T D 2 0 250 654 78 UPPERBD DONBASIC
655 n40 t 0 2 0 140T D 2 0 298 655 79 UPPERBD NONBASIC
656 n41 t 0 2 0 141T D 2 0 298 656 80 UPPERBD RONBASIC
657 n42 t 0 2 0 142T D 2 0 228 657 81 UPPERBD NONBASIC
658 n43 t 0 2 0 143T D 2 0 300 658 82 UPPERBD NOWBASIC
659 n44 t 0 2 0 X44T D 2 0 297 659 83 UPPERBD NOIBASIC
660 n45 t 0 2 0 14ST D 2 0 297 660 84 UPPERBD DONBASIC
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661 n46 t 0 2 0 146T D 2 0 299 661 85 UPPERBD NONBASIC
662 R47 t 0 2 0 147T D 2 0 230 662 86 UPPERED NOIBASIC
663 n48 t 0 2 0 148T D 2 0 165 663 87 UPPERBD NOMBASIC
664 0 99999999 0 XSlA2 0 0 0 MONKEY BASIC

20407
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W.4 Solution forp = 3

0BS -FROM- -TO- -COST- .CAPAC_ _L0_ _AMBE- -SUPPLY- _DEXAND_ -FLOW- _FCOST_ _RCOST_. -AIUM-B _TKUB_ -STATUS-

1 sl al 0 16 0 ISIA1 16 0 2 1 KEYARC BASIC

2 s2 a2 0 16 0 12A2 16 0 15 14 KEY-ARC BASIC

3 s3 a3 0 16 0 XS3A3 16 0 28 27 KEY-ARC BASIC

4 sl bi 0 16 0 QSIBi 0 0 3 1 KEYARC BASIC

5 s2 b2 0 16 0 S2B2 0 0 16 14 KEYARC BASIC

6 s3 b3 0 16 0 5S3B3 0 0 29 27 KEYARC BASIC

7 a1 cl 0 16 0 ISICI 16 0 4 1 KEYARC BASIC

8 s2 c2 0 16 0 IS2C2 16 0 17 14 KEY-ARC BASIC

9 m3 c3 0 16 0 1S3C3 16 0 30 27 KEYARC BASIC

10 51 dl 0 16 0 XSID1 0 0 5 1 KEY-ARC BASIC

11 s2 d2 0 16 0 1S2D2 0 0 18 14 KEY-.ARC BASIC

12 s3 d3 0 16 0 IS3D3 0 0 31 27 KEY-ARC BASIC

13 5i el 0 16 0 lISEl 0 0 6 1 KEY-ARC BASIC

14 s2 e2 0 16 0 1S2E2 0 0 19 14 NONKEY ARC BASIC

15 s3 e3 0 16 0 XS3E3 0 0 32 27 NOUKEY ARC BASIC

16 51 fl 0 16 0 ISMF 0 0 7 1 1EYARC BASIC

17 s2 f2 0 16 0 1S2F2 0 0 20 14 KEYARC BASIC

18 s3 f3 0 16 0 XS3F3 0 0 33 27 KEY-ARC BASIC

19 1 g1 0 16 0 ISIGi 0 0 8 1 KEYARC BASIC

20 s2 g2 0 16 0 152G2 0 0 21 14 KEYARC BASIC

21 s3 g3 0 16 0 XS3G3 0 0 34 27 KEY-ARC BASIC

22 s1 hl 0 16 0 ISiBi 0 0 9 1 ZEY.ARC BASIC

23 s2 h2 0 16 0 5S292 0 0 22 14 KEY-ARC BASIC

24 .3 h3 0 16 0 1S393 0 0 35 27 KEY_ARC BASIC

258 1 it 0 16 0 IS1M 0 0 10 1 KEY-ARC BASIC

26 s2 i2 0 16 0 IS212 0 0 23 14 KEYARC BASIC

27 s3 i3 0 16 0 IS313 0 0 36 27 KEY-ARC BASIC

28 51 ji 0 16 0 15131 0 0 11 1 KEY-ARC BASIC

29 s2 j2 0 16 0 1S232 0 0 24 14 KEY-ARC BASIC

30 93 j3 0 16 0 1S333 0 0 37 27 VOIKEY ARC BASIC

31 91 kl 0 16 0 ISil1 0 0 12 1 KEY-ARC BASIC

32 s2 k2 0 16 0 1S212 0 0 25 14 KEYARC BASIC

33 s3 k3 0 16 0 1S313 0 0 38 27 KEYARC BASIC

34 .1 11 0 16 0 I5LI 16 0 13 1 KEYARC BASIC

35 92 12 0 16 0 XS2L2 16 0 26 14 KEYARC BASIC

36. 3 13 0 16 0 XS3L3 16 0 39 27 KEY-ARC BASIC

37 al nOl 0 1 0 MAlot 1 0 40 2 NONIEY ARC BASIC

38 bl nOl 160 1 0 XBI01 0 0 41 3 NORKEY ARC BASIC

39 cl nOl 108 1 0 xClOl 1 108 42 4 DONKEY ARC BASIC

40 dl nOl 134 1 0 ID101 0 0 -88 43 5 LOVERED NORBASIC

41 el nO1 157 1 0 EElO1 0 0 44 6 KEY-ARC BASIC

42 fl nOl 148 1 0 IF1O0 0 0 -38 45 7 LOVERBD NONBASIC

43 gl nOl 157 1 0 IGIOI 0 0 46 8 DONKEY ARC BASIC

44 hl nOl 155 1 0 HI101 0 0 -26 47 9 LOVERBD NOIBASIC

45 ii nOl 167 1 0 11101 0 0 -31 48 10 LOVERBD NONBASIC

46 jI nOl 165 1 0 13101 0 0 49 11 DONKEY ARC BASIC

47 kI nOl 90 1 0 11101 0 0 -530 50 12 LOVERBD NONBASIC

48 11 nOl 70 1 0 ILl01 1 70 51 13 NONKEY ARC BASIC

49 al n02 60 1 0 IA102 1 60 b2 2 DONKEY ARC BASIC

50 bl n02 60 1 0 XB102 0 0 53 3 DONKEY ARC BASIC

51 cl n02 60 1 0 1C102 1 60 64 4 NONKEY ARC BASIC

52 dl n02 60 1 0 ID102 0 0 55 5 KEYARC BASIC

53 el n02 60 1 0 IE102 0 0 56 6 OINKEY ARC BASIC

54 ft n02 60 1 0 XF102 0 0 57 7 DONKEY ARC BASIC

55 gi n02 60 1 0 IG102 0 0 58 8 DONKEY ARC BASIC

56 hl n02 60 1 0 1Bl02 0 0 59 9 MOIKEY ARC BASIC

57 ii n02 60 1 0 X1102 0 0 60 10 DONKEY ARC BASIC

58 ji n02 60 1 0 13102 0 0 61 11 DONKEY ARC BASIC

59 kI n02 60 1 0 11102 0 0 -275 62 12 LOVERBD NONBASIC

60 11 n02 60 1 0 XL102 1 60 63 13 IOIKEY ARC BASIC
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61 al n03 60 1 0 XA103 1 60 64 2 BONNEY ARC BASIC
62 bl u03 49 1 0 IB103 0 0 65 3 KEYIRC BASIC
63 c1 n03 60 1 0 1C103 1 60 66 4 BONNEY ARC BASIC
64 di nO3 60 1 0 1D103 0 0 67 5 DOIKEY ARC BASIC
65 *1 nO3 42 1 0 1E103 0 0 -84.000 68 6 LOWERBD wONBiSIC
66 fl n03 60 1 0 XF103 0 0 69 7 BONKEY ARC BASIC
67 gi n03 59 1 0 1G103 0 0 70 8 BONKEY ARC BASIC
68 hi n03 60 1 0 X1103 0 0 -79.000 71 9 LOWERBD DOBBASIC
69 it xLO3 51 1 0 103 0 0 72 10 BONNEY ARC BASIC
70 j1 nO3 45 1 0 X3103 0 0 -83.000 73 11 LOWERBD NOBBASIC
71 kl ntO3 60 1 0 11103 0 0 -332.000 74 12 LOWERBD NOBBASIC
72 11 nO3 60 1 0 XL103 1 60 75 13 BONKEY ARC BASIC
73 a1 nO4 32 1 0 XA104 1 32 76 2 BONNEY ARC BASIC
74 bl u04 60 1 0 XB104 0 0 77 3 BONKEY ARC BASIC
75 c1 nO4 60 1 0 IC104 1 60 78 4 BONKEYARC BASIC
76 d1 nO4 60 1 0 XD104 0 0 79 5 IEYAIRC BASIC
77 .1 nO4 60 1 0 1E104 0 0 80 6 BONNEY ARC BASIC
78 It uO4 90 1 0 XF104 0 0 81 7 BONNEY ARC BASIC
79 gl n04 90 1 0 XG104 0 0 82 8 BONKEY ARC BASIC
80 hl nO4 90 1 0 XH104 0 0 83 9 BONKEY ARC BASIC
81 il nO4 88 1 0 II104 0 0 84 10 BONNEY ARC BASIC
82 ji nO4 60 1 0 XJ104 0 0 -45.000 85 11 LOWERBD NONBASIC
83 k1 nO4 60 1 0 X1104 0 0 86 12 BONNEY ARC BASIC
84 11 n04 60 1 0 IL104 1 60 87 13 BONKEY ARC BASIC
85 al nOs 264 1 0 11105 1 264 88 2 BONKEY ARC BASIC
86 bi nOS 156 1 0 IBIOS 0 0 -70.000 89 3 LOWERED ROmASIC
87 cl nOS 242 1 0 IClOS 1 242 90 4 BONKEY ARC BASIC
88 dl nOs 203 1 0 ID1OS 0 0 91 5 KEYARC BASIC
89 .1 nOs 162 1 0 IE105 0 0 92 6 BONNEY ARC BASIC
90 fi nOS 178 1 0 1F1OS 0 0 93 7 BONNEY ARC BASIC
91 gl nO5 162 1 0 IGIOS 0 0 94 8 BONNEY ARC BASIC
92 hi nOS 169 1 0 1105 0 0 95 9 BONKEY ARC BASIC
93 ii nOS 150 1 0 11105 0 0 96 10 BONNEY ARC BASIC
94 jl nOs 150 1 0 13105 0 0 97 11 BONKEY ARC BASIC
95 kl nOs 238 1 0 110OS 0 0 -187.000 98 12 LOWERBD NOIBASIC
96 11 nOS 241 1 0 1L105 1 241 99 13 BONKEY ARC BASIC
97 al nO6 300 1 0 XA106 1 300 100 2 NOnKEYARC BASIC
98 bl nO6 157 1 0 1B106 0 0 101 3 BONKEY ARC BASIC
99 cl nO6 218 1 0 1C106 1 218 102 4 KEYARC BASIC

100 dl nO6 185 1 0 XD106 0 0 103 5 BONNEY ARC BASIC
101 .1 nO6 155 1 0 XE106 0 0 104 6 BONKEY ARC BASIC
102 f1 nO6 171 1 0 XF106 0 0 105 7 BONKEY ARC BASIC
103 g1 nO6 160 1 0 IG106 0 0 -20.000 106 8 LOWERED DONBASIC
104 hl nO6 165 1 0 1H106 0 0 -13.000 107 9 LOWERBD NONBASIC
105 il nO6 149 1 0 X1106 0 0 -33.000 108 10 LOWERBD NONBASIC
106 jI nO6 152 1 0 13106 0 0 109 11 BONKEY ARC BASIC
107 ki n06 239 1 0 1K106 0 0 110 12 BONNEY ARC BASIC
108 11 nO6 287 1 0 IL106 1 287 111 13 DONKEY ARC BASIC
109 &l nO7 300 1 0 XA107 1 300 112 2 DONKEY ARC BASIC
110 bl nO7 188 1 0 IB107 0 0 -136.000 113 3 LOWERBD DONBASIC
111 cl nO7 292 1 0 IC107 1 292 114 4 BONKEY ARC BASIC
112 dl nO7 229 1 0 XD107 0 0 115 5 BONKEY ARC BASIC
113 .1 n07 189 1 0 XE107 0 0 116 6 BONKEY ARC BASIC
114 It n07 202 1 0 XF107 0 0 117 7 DONKEY ARC BASIC
115 gI nO7 192 1 0 1G107 0 0 118 8 BONKEY ARC BASIC
116 hl nO7 196 1 0 X107 0 0 -1.000 119 9 LOVERBD DODBASIC
117 ii nO7 175 1 0 11107 0 0 -88.000 120 10 LOVERED NONBASIC
118 jI nO7 180 1 0 13107 0 0 121 11 ROWKEY ARC BASIC
119 ki nO7 292 1 0 11107 0 0 122 12 KEYARC BASIC
120 11 nO7 300 1 0 XL107 1 300 123 13 BONKEY ARC BASIC
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121 al nR8 300 1 0 XA108 1.00000 300.000 124 2 MONKEY ARC BASIC
122 bl nO8 190 1 0 1B108 0.00000 0.000 -94.000 125 3 LOWERBD NORBASIC
123 cl nO8 272 1 0 1C108 1.00000 272.000 126 4 KEYARC BASIC
124 dl nO8 228 1 0 XD108 0.00000 0.000 -251.000 127 5 LOWERED NONBASIC
125 el nO8 193 1 0 1E108 0.00000 0.000 -6.000 128 6 LOWERBD NONBASIC
126 fl nO8 209 1 0 1F108 0.00000 0.000 129 7 MONKEY ARC BASIC
127 gl nO8 195 1 0 XG108 0.00000 0.000 130 8 MONKEY ARC BASIC
128 hi nO8 202 1 0 X1108 0.00000 0.000 -18.000 131 9 LOWERBD DONBASIC
129 il nO8 183 1 0 11108 0.00000 0.000 132 10 MONKEY ARC BASIC
130 jI nO8 187 1 0 XJ108 0.00000 0.000 133 11 MONKEY ARC BASIC
131 kI nO8 300 1 0 XK108 0.00000 0.000 134 12 DONKEY ARC BASIC
132 11 nO8 300 1 0 IL108 1.00000 300.000 135 13 MONKEY ARC BASIC
133 al nO9 300 1 0 XAl09 1.00000 300.000 136 2 MONKEY ARC BASIC
134 bl nO9 156 1 0 XB109 0.00000 0.000 137 3 MONKEY ARC BASIC
135 cl n09 213 1 0 XC109 1.00000 213.000 138 4 KEY-ARC BASIC
136 dl nO9 179 1 0 XD109 0.00000 0.000 139 5 MOIKEY ARC BASIC
137 .1 nO9 158 1 0 1E109 0.00000 0.000 -307.000 140 6 LOWERBD NONBASIC
138 fl nO9 169 1 0 XF109 0.00000 0.000 141 7 MONKEY ARC BASIC
139 gl nO9 159 1 0 0109 0.00000 0.000 142 8 MONKEY ARC BASIC
140 hl nO9 159 1 0 X1109 0.00000 0.000 -21.000 143 9 LOWERBD OIDBASIC
141 il nO9 150 1 0 11109 0.00000 0.000 144 10 MOIKEY ARC BASIC
142 ji nO9 142 1 0 13109 0.00000 0.000 -89.000 145 11 LOWERBD NONBASIC
143 ki n09 227 1 0 11109 0.00000 0.000 146 12 DONKEY ARC BASIC
144 11 nO9 261 1 0 XL109 1.00000 261.000 147 13 BONKEY ARC BASIC
145 al nlO 300 1 0 XA11O 1.00000 300.000 148 2 MONKEY ARC BASIC
146 bl nlO 156 1 0 XB110 0.00000 0.000 149 3 MONKEY ARC BASIC
147 c1 nlO 217 1 0 xCi1O 1.00000 217.000 150 4 KEY-ARC BASIC
148 dl nlO 184 1 0 XDiIO 0.00000 0.000 -23.000 151 5 LOWERBD NOIBASIC
149 el nlO 158 1 0 XEl1O 0.00000 0.000 -99.000 162 6 LOWERBD NONBASIC
150 fl nlO 171 1 0 XFI1O 0.00000 0.000 -309.000 153 7 LOWERBD IOIBASIC
161 gl nlO 158 1 0 X1110 0.00000 0.000 -96.000 154 8 LOWERBD DONBASIC
162 hi nlO 163 1 0 X8110 0.00000 0.000 -90.000 155 9 LOWERBD NONBASIC
153 il nlO 149 1 0 11110 0.00000 0.000 -10.000 156 10 LOWERBD NOIBASIC
154 jl nlO 151 1 0 1J110 0.00000 0.000 -52.000 157 11 LOWERED NOSBASIC
155 ki nlO 241 1 0 11110 0.00000 0.000 158 12 MONKEY ARC BASIC
156 11 nlO 288 1 0 ILIIO 1.00000 288.000 159 13 MOIKEY ARC BASIC
157 al nil 300 1 0 XAll 1.00000 300.000 160 2 1OKEY ARC BASIC
158 bl nil 180 1 0 XB111 0.00000 0.000 161 3 MONKEY ARC BASIC
159 cl nil 295 1 0 XCill 1.00000 295.000 162 4 KEY-ARC BASIC
160 dl nll 237 1 0 XDI11 0.00000 0.000 163 5 MONKEY ARC BASIC
161 al nll 180 1 0 XE1ll 0.00000 0.000 164 6 MONKEY ARC BASIC
162 fl nil 189 1 0 IFl1l 0.00000 0.000 -78.000 165 7 LOWERBD NONBASIC
163 gl nil 180 1 0 XG111 0.00000 0.000 166 8 MONKEY ARC BASIC
164 hl nil 180 1 0 X1111 0.00000 0.000 167 9 MONKEY ARC BASIC
165 ii nll 180 1 0 1imll 0.00000 0.000 -20.000 168 10 LOWERBD DONBASIC
166 j1 all 168 1 0 1ij11 0.00000 0.000 -81.000 169 11 LOWERBD NONBASIC
167 ki nil 300 1 0 XlK1 0.00000 0.000 170 12 ONKIET ARC BASIC
168 11 nll 300 1 0 ILIl1 1.00000300.000 171 13 MONKEY ARC BASIC
169 al n12 300 1 0 XA112 1.00000 300.000 172 2 MONKEY ARC BASIC
170 bl n12 188 1 0 1112 0.00000 0.000 -159.000 173 3 LOWERBD DONBASIC
171 ci n12 289 1 0 XCI12 1.00000 289.000 174 4 IEYAIC BASIC
172 dl n12 235 1 0 XDl12 0.00000 0.000 -25.000 175 5 LOWERBD FORBASIC
173 el n12 198 1 0 1E112 0.00000 0.000 -79.000 176 6 LOWERBD NONBASIC
174 fl n12 212 1 0 XF112 0.00000 0.000 177 7 MONKEY ARC BASIC
175 gi n12 200 1 0 XG112 0.00000 0.000 -19.000 178 8 LOWERBD DONBASIC
176 hl n12 208 1 0 XH112 0.00000 0.000 -405.000 179 9 LOWERBD NODBASIC
177 il n12 181 1 0 XI112 0.00000 0.000 -15.000 180 10 LOWERED DOEBASIC
178 j1 n12 182 1 0 XJ112 0.00000 0.000 -6.000 181 11 LOWERBD NONBASIC
179 ki n12 295 1 0 11112 0.00000 0.000 182 12 DONKEY ARC BASIC
180 11 n12 300 1 0 XL112 1.00000300.000 183 13 MONKEY ARC BASIC
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181 al a13 300 1 0 1A113 1 300 184 2 IOBKEY ARC BASIC
182 bl n13 191 1 0 XB113 0 0 -27.00 188 3 LOWERBD 1ONBASIC
183 cl n13 291 1 0 XC113 1 291 186 4 KEY.ARC BASIC
184 dl n13 238 1 0 XD113 0 0 187 5 NONEY ARC BASIC
185 el n13 191 1 0 IE113 0 0 . 188 6 UOKEY ARC BASIC
186 fl n13 209 1 0 XF113 0 0 -71.00 189 7 LOWERBD IOIBASIC
187 gl n13 193 1 0 XG113 0 0 190 8 MONKEY ARC BASIC
188 hl n13 199 1 0 X1113 0 0 -29.00 191 9 LOWERBD NONBASIC
189 il n13 180 1 0 XI113 0 0 -130.00 192 10 LOWERED NOMBASIC
190 ji n13 184 1 0 13113 0 0 193 11 OINFKEY ARC BASIC
191 kl u13 293 1 0 X1113 0 0 194 12 UONKEY ARC BASIC
192 11 n13 299 1 0 IL113 1 299 195 13 MONLEY ARC BASIC
193 al n14 300 1 0 XA114 1 300 196 2 IONKEY ARC BASIC
194 bl n14 180 1 0 XB114 0 0 197 3 NOIKEY ARC BASIC
195 cl n14 293 1 0 XC114 1 293 198 4 KEY.ARC BASIC
196 dl u14 220 1 0 XD114 0 0 -44.00 199 5 LOWERBD NONBISIC
197 el n14 184 1 0 XE114 0 0 -7.00 200 6 LOWERBD 1ONBASIC
198 fl n14 200 1 0 XF114 0 0 -93.00 201 7 LOWERBD NOIBASIC
199 gl n14 188 1 0 XG114 0 0 -5.00 202 8 LOWERBD OIOBASIC
200 hl n14 193 1 0 X1114 0 0 203 9 1ONKEY ARC BASIC
201 il n14 173 1 0 X1114 0 0 -32.00 204 10 LOWERBD NOVBASIC
202 jl a14 175 1 0 X3114 0 0 -288.00 205 11 LOWERBD NOWBASIC
203 kl n14 298 1 0 11114 0 0 206 12 MONKEY ARC BASIC
204 11 n14 300 1 0 XL114 1 300 207 13 MONKEY ARC BASIC
205 al a15 300 1 0 Z1115 1 300 295.00 208 2 UPPERBD NORBASIC
206 bl n15 184 1 0 IBl1 0 0 -109.00 209 3 LOWERBD NOMBASIC
207 cl nilS 290 1 0 IClis 1 290 210 4 NONIKEY ARC BASIC
208 dl n16 224 1 0 XD115 0 0 211 5 MONKEY ARC BASIC
209 .1 niS 186 1 0 M115 0 0 -5.00 212 6 LOWMERD ROIBASIC
210 fl nIS 202 1 0 IFl1S 0 0 -56.00 213 7 LOWERED NORBASIC
211 gl als 188 1 0 H115 0 0 -98.00 214 8 LOWERED NONBASIC
212 hl nlS 192 1 0 R1115 0 0 -45.00 215 9 LOWERBD NONBISIC
213 i1 n15 174 1 0 MIS11 0 0 -138.00 216 10 LOWMRED NOMBASIC
214 jl n15 176 1 0 MI15 0 0 217 11 MONKEY ARC BASIC
215 kl n1i 294 1 0 1115 0 0 218 12 MONKEY ARC BASIC
216 11 n15 298 1 0 ILlS 1 298 219 13 MONKEY ARC BASIC
217 al n16 300 1 0 X1116 1 300 220 2 MONKEY ARC BASIC
218 bl n16 180 1 0 XB116 0 0 -87.00 221 3 LOWERBD NONBASIC
219 ci n16 292 1 0 XC116 1 292 222 4 KEY-AIC BASIC
220 dl a16 219 1 0 XD116 0 0 223 5 MONKEY ARC BASIC
221 el n16 183 1 0 XE116 0 0 -84.00 224 6 LOWERBD NOIBISIC
222 fl n16 199 1 0 XF116 0 0 -45.00 225 7 LOWERBD NOBBASIC
223 gl n16 186 1 0 IG116 0 0 -23.00 226 8 LOWERBD MONBASIC
224 hl n16 190 1 0 R1116 0 0 -57.00 227 9 LOWERBD NOMBASIC
225 ii n16 171 1 0 11116 0 0 228 10 MONKEY ARC BASIC
226 ji n16 173 1 0 13116 0 0 -103.00 229 11 LOWERBD MOIBASIC
227 kl n16 294 1 0 IK116 0 0 -99999852.00 230 12 LOWERED NONBASIC
228 11 n16 299 1 0 1L116 1 299 231 13 MONKEY ARC BASIC
229 a2 n17 0 1 0 XA217 1 0 232 15 MONKEY ARC BASIC
230 b2 n17 146 1 0 XB217 0 0 233 16 KEY-ARC BASIC
231 c2 n17 73 1 0 XC217 1 73 544.00 234 17 UPPERBD MONBASIC
232 d2 n17 112 1 0 XD217 0 0 235 18 MONKEY ARC BASIC
233 s2 n17 144 1 0 XE217 0 0 -2.00 236 19 LOWERED NONBASIC
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234 f2 nM7 129 1 0 XF217 0 0 237 20 DONKEY ARC BASIC
235 g2 n17 140 1 0 XG217 0 0 -7.000 238 21 LOIERBD IONBASIC
236 h2 n17 135 1 0 X1217 0 0 239 22 IONKEY ARC BASIC
237 i2 n17 154 1 0 XX217 0 0 240 23 DONKEY ARC BASIC
238 j2 n17 152 1 0 XJ217 0 0 241 24 DONKEY ARC BASIC
239 k2 n17 38 1 0 X1217 0 0 242 25 DONKEY ARC BASIC
240 12 n17 0 1 0 XL217 1 0 243 26 O1KEY AIRC BASIC
241 a2 n18 0 1 0 IA218 1 0 244 15 DONKEY ARC BASIC
242 b2 n18 168 1 0 1B218 0 0 -20.000 245 16 LOVERED NOIBASIC
243 c2 n18 122 1 0 XC218 1 122 246 17 DONKEY ARC BASIC
244 d2 n18 145 1 0 XD218 0 0 -13.000 247 18 LOVERBD NONBASIC
245 e2 n18 169 1 0 XE218 0 0 248 19 DONKEY ARC BASIC
246 f2 n18 156 1 0 XF218 0 0 -2.000 249 20 LOWERBD 5OBBASIC
247 g2 n18 164 1 0 XG218 0 0 250 21 KEY-ARC BASIC
248 h2 n18 160 1 0 11218 0 0 251 22 NONKEY ARC BASIC
249 i2 n18 176 1 0 X1218 0 0 -1.000 252 23 LOVERBD NONBASIC
250 j2 n18 175 1 0 XJ218 0 0 253 24 NONKEY ARC BASIC
251 k2 nM8 107 1 0 X1218 0 0 254 25 DONKEY ARC BASIC
252 12 n18 91 1 0 XL218 1 91 50.000 255 26 UPPERBD NOIBASIC
253 a2 n19 0 1 0 XA219 1 0 256 15 1ONKEY ARC BASIC
254 b2 n19 182 1 0 XB219 0 0 -88.000 257 16 LOWERBD NONBASIC
255 c2 n19 151 1 0 XC219 1 151 258 17 KEY.ARC BASIC
256 d2 n19 166 1 0 1D219 0 0 259 18 IONIEY ARC BASIC
257 e2 n19 180 1 0 XE219 0 0 260 19 KEY-ARC BASIC
258 f2 n19 174 1 0 XF219 0 0 -87.000 261 20 LOVERBD NONBASIC
259 g2 n19 180 1 0 XG219 0 0 -132.000 262 21 LOVERBD NOWBASIC
260 h2 n19 177 1 0 X1219 0 0 263 22 DONKEY ARC BASIC
261 i2 n19 187 1 0 X1219 0 0 -76.000 264 23 LOVERED NONBASIC
262 j2 n19 185 1 0 13219 0 0 265 24 DONIEY ARC BASIC
263 k2 u19 144 1 0 11219 0 0 266 25 DONKEY ARC BASIC
264 12 n19 135 1 0 XL219 1 135 267 26 DONKEY ARC BASIC
265 a2 n20 60 1 0 XA220 1 60 268 15 DONKEY ARC BASIC
266 b2 n20 60 1 0 X1B220 0 0 269 16 DONKEY ARC BASIC
267 c2 n20 60 1 0 XC220 1 60 270 17 DONKEY ARC BASIC
268 d2 n20 60 1 0 1X220 0 0 -51.000 271 18 LOWERBD DONBASIC
269 e2 n20 60 1 0 X1220 0 0 272 19 DONKEY ARC BASIC
270 f2 n20 60 1 0 XF220 0 0 273 20 NODKETARCBASIC
271 g2 n20 60 1 0 XG220 0 0 274 21 DONKEY ARC BASIC
272 h2 n20 60 1 0 1H220 0 0 275 22 DONKEY ARC BASIC
273 i2 n20 60 1 0 X1220 0 0 276 23 KEYARC BASIC
274 j2 n20 60 1 0 X3220 0 0 277 24 ONKEY ARC BASIC
275 k2 n20 60 1 0 11220 0 0 278 25 DONKEY ARC BASIC
276 12 n20 60 1 0 XL220 1 60 279 26 DONKEY ARC BASIC
277 a2 n21 36 1 0 XA221 1 36 280 15 DONKEY ARC BASIC
278 b2 n21 187 1 0 X1B221 0 0 281 16 DONKEY ARC BASIC
279 c2 n21 207 1 0 XC221 1 207 282 17 DONKEY ARC BASIC
280 d2 n21 212 1 0 XD221 0 0 283 18 KEY-AIC BASIC
281 e2 n2l 201 1 0 1E221 0 0 -90.000 284 19 LOWERBD DORBASIC
282 f2 n21 215 1 0 IF221 0 0 -23.000 285 20 LOWERSD NONBASIC
283 g2 n21 219 1 0 XG221 0 0 -23.000 286 21 LOWERBD DONBASIC
284 h2 n21 217 1 0 13221 0 0 287 22 DONKEY ARC BASIC
285 12 n21 164 1 0 X1221 0 0 -151.000 288 23 LOWERBD NONBASIC
286 j2 n21 170 1 0 13221 0 0 -86.000 289 24 LOiERSD DONBASIC
287 k2 n21 203 1 0 X1221 0 0 290 25 DONKEY ARC BASIC
288 12 n21 200 1 0 XL221 1 200 291 26 DONKEY ARC BASIC
289 a2 n22 61 1 0 XA222 1 61 292 15 DONKEY ARC BASIC
290 b2 n22 224 1 0 XB222 0 0 -261.000 293 16 LOWERBD NODBASIC
291 c2 n22 197 1 0 XC222 1 197 294 17 ONKEY ARC BASIC
292 d2 n22 212 1 0 10222 0 0 295 18 DORKEY ARC BASIC
293 .2 n22 214 1 0 1E222 0 0 296 19 DONKEY ARC BASIC
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294 f2 n22 212 1 0 XF222 0 0 297 20 NONKEY ARC BASIC
295 g2 n22 211 1 0 XG222 0 0 298 21 5ON5EY ARC BASIC
296 h2 n22 212 1 0 1M222 0 0 299 22 EOIKEY ARC BASIC
297 i2 n22 213 1 0 X1222 0 0 300 23 KEY-ARC BASIC
296 j2 u22 214 1 0 IJ222 0 0 301 24 NONKEY ARC BASIC
299 k2 n22 196 1 0 X1222 0 0 302 25 1ONKEY ARC BASIC
300 12 n22 190 1 0 XL222 1 190 303 26 MONKEY ARC BASIC
301 &2 n23 300 1 0 XA223 1 300 304 15 MONKEY ARC BASIC
302 b2 n23 240 1 0 XB223 0 0 305 16 NONKEY ARC BASIC
303 c2 n23 251 1 0 XC223 1 251 306 17 KEYARC BASIC
304 d2 u23 246 1 0 XD223 0 0 307 18 WONKEY ARC BASIC
305 .2 n23 238 1 0 ZE223 0 0 -49.00 308 19 LOVERBD NONBASIC
306 f2 n23 242 1 0 XF223 0 0 309 20 NONKEY ARC BASIC
307 g2 n23 240 1 0 XG223 0 0 -84.00 310 21 LOWERBD NONBASIC
308 h2 n23 241 1 0 X1223 0 0 -41.00 311 22 LOVERBD NONBASIC
309 i2 .23 237 1 0 X1223 0 0 312 23 IOIKEY ARC BASIC
310 j2 u23 237 1 0 13223 0 0 -23.00 313 24 LOWERED NONBASIC
311 k2 n23 256 1 0 11223 0 0 -99999918.00 314 25 LOWERBD NONBASIC
312 12 .23 260 1 0 IL223 1 260 315 26 NONKEY ARC BASIC
313 &2 n24 300 1 0 1A224 1 300 316 15 MONKEY ARC BASIC
314 b2 n24 239 1 0 XB224 0 0 317 16 01KEY ARC BASIC
315 c2 u24 252 1 0 XC224 1 252 318 17 KEY-ARC BASIC
316 d2 n24 246 1 0 XD224 0 0 319 18 WONKEY ARC BASIC
317 .2 n24 240 1 0 XE224 0 0 -8.00 320 19 LOWERBD NONBASIC
318 12 u24 243 1 0 XF224 0 0 -59.00 321 20 LOWERBD NONBASIC
319 g2 n24 240 1 0 16224 0 0 322 21 NONKEY ARC BASIC
320 h2 n24 241 1 0 X1224 0 0 -20.00 323 22 LOWERED NOIBASIC
321 i2 n24 238 1 0 11224 0 0 -114.00 324 23 LOWERED NONBASIC
322 j2 n24 239 1 0 1J224 0 0 325 24 MONKEY ARC BASIC
323 k2 n24 255 1 0 X1224 0 0 -85.00 326 25 LOWERBD NOIBASIC
324 12 n24 261 1 0 XL224 1 261 22.00 327 26 UPPERBD NONBASIC
325 a2 n25 300 1 0 XA226 1 300 328 15 IONKEY ARC BASIC
326 b2 u25 214 1 0 XB225 0 0 -68.00 329 16 LOWERBD NOBASIC
327 c2 n25 290 1 0 1C225 1 290 330 17 KEYARC BASIC
328 d2 n25 277 1 0 XD225 0 0 331 18 MONKEY ARC BASIC
329 e2 n25 219 1 0 IE225 0 0 -0.00 332 19 LOWERBD NONBASIC
330 f2 n25 250 1 0 IF225 0 0 -2.00 333 20 LOWERBD MONBASIC
331 g2 n2S 224 1 0 XG225 0 0 -50.00 334 21 LOWERBD NOIBASIC
332 h2 n2S 232 1 0 X1225 0 0 335 22 MONKEY ARC BASIC
333 i2 n25 200 1 0 X1225 0 0 -123.00 336 23 LOWERBD NONBASIC
334 j2 n25 205 1 0 XJ225 0 0 -5.00 337 24 LOWERBD UONBASIC
335 k2 n25 300 1 0 11225 0 0 338 25 1ONKE1 ARC BASIC
336 12 n25 300 1 0 XL225 1 300 90.00 339 26 UPPERBD NONBASIC
337 a2 n26 300 1 0 XA226 1 300 340 1s lOIKEY ARC BASIC
338 b2 n26 163 1 0 XB226 0 0 341 16 NONKEY ARC BASIC
339 c2 n26 215 1 0 1C226 1 215 342 17 KEY-ARC BASIC
340 d2 n26 185 1 0 XD226 0 0 343 18 DONKEY ARC BASIC
341 e2 u26 163 1 0 XE226 0 0 -1.00 344 19 LOWERBD NOBBASIC
342 f2 n26 173 1 0 XF226 0 0 345 20 MONKEY ARC BASIC
343 g2 n26 166 1 0 XG226 0 0 346 21 DONKEY ARC BASIC
344 h2 n26 169 1 0 11226 0 0 347 22 NOIKEY ARC BASIC
345 12 n26 153 1 0 X1226 0 0 -115.00 348 23 LOWERBD NOMBASIC
346 j2 n26 155 1 0 13226 0 0 349 24 MONKEY ARC BASIC
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347 k2 n26 234 1 0 X1226 0 0 350 25 IONKEY ARC BASIC
348 12 u26 254 1 0 1L226 1 254 99.000 351 26 UPPERBD DORBISIC
349 a2 a27 300 1 0 1A227 1 300 322.000 352 15 UPPERBD NONBASIC
350 b2 n27 157 1 0 1B227 0 0 -111.000 353 16 LOWERBD DODBASIC
351 c2 n27 215 1 0 1C227 1 215 354 17 KEY-ARC BASIC
352 d2 &27 180 1 0 ID227 0 0 355 18 DONKEY ARC BASIC
353 e2 u27 155 1 0 X1E227 0 0 -109.000 356 19 LOEREBD NONBASIC
354 f2 n27 166 1 0 XF227 0 0 357 20 DONKEY ARC BASIC
355 g2 n27 154 1 0 XG227 0 0 -352.000 358 21 LOWERBD DONBASIC
356 h2 n27 158 1 0 11227 0 0 -108.000 359 22 LOWERBD IONBASIC
357 i2 n27 144 1 0 11227 0 0 -119.000 360 23 LOWERBD NOABISIC
358 j2 n27 150 1 0 13227 0 0 361 24 ONIKEY ARC BASIC
359 k2 n27 232 1 0 11227 0 0 362 25 DOINEY ARC BASIC
360 12 n27 265 1 0 1L227 1 265 115.000 363 26 UPPERBD DOIBASIC
361 a2 n28 300 1 0 1A228 1 300 364 15 IONKEY ARC BASIC
362 b2 n28 245 1 0 XB228 0 0 365 16 DONKEY ARC BASIC
363 c2 n28 296 1 0 XC228 1 296 366 17 KEYAIRC BASIC
364 d2 n28 288 1 0 1D228 0 0 367 18 DONKEY ARC BASIC
365 e2 n28 251 1 0 1E228 0 0 -58.000 368 19 LOWERBD NOIBISIC
366 f2 u28 280 1 0 1F228 0 0 -76.000 369 20 LOWERBD NOIBASIC
367 g2 n28 255 1 0 1G228 0 0 -109.000 370 21 LOEREBD NOABISIC
368 h2 n28 267 1 0 1H228 0 0 371 22 DONKEY ARC BASIC
369 i2 n28 219 1 0 11228 0 0 -194.000 372 23 LOWERBD NODBASIC
370 j2 n28 224 1 0 1J228 0 0 -76.000 373 24 LOWERBD NONBASIC
371 k2 n28 300 1 0 11228 0 0 374 25 DONKEY ARC BASIC
372 12 n28 300 1 0 XL228 1 300 375 26 DOIKEY ARC BASIC
373 a2 n29 300 1 0 1A229 1 300 376 15 OINKEY ARC BASIC
374 b2 n29 168 1 0 1B229 0 0 377 16 IONKEY ARC BASIC
375 c2 n29 243 1 0 XC229 1 243 378 17 KEY-ARC BASIC
376 d2 n29 202 1 0 1D229 0 0 379 18 DOIKEY ARC BASIC
377 e2 x29 173 1 0 XE229 0 0 -58.000 380 19 LOWERBD NODBASIC
378 f2 n29 186 1 0 1F229 0 0 381 20 DONKEY ARC BASIC
379 g2 a29 174 1 0 1G229 0 0 -112.000 382 21 LOWERBD DONBASIC
380 h2 n29 177 1 0 1X229 0 0 -67.000 383 22 LOWERBD DONBASIC
381 i2 n29 162 1 0 11229 0 0 -173.000 384 23 LOWERBD NOBASIC
382 j2 n29 162 1 0 13229 0 0 -60.000 385 24 LOWERBD IONBASIC
383 k2 n29 295 1 0 11229 0 0 386 25 IOIKEY ARC BASIC
384 12 n29 299 1 0 1L229 1 299 77.000 387 26 UPPERBD IONBASIC
385 a2 n30 300 1 0 11230 1 300 388 15 DONKEY ARC BASIC
386 b2 n30 168 1 0 XB230 0 0 389 16 lOIKEY ARC BASIC
387 c2 n30 244 1 0 1C230 1 244 390 17 KEY.ARC BASIC
388 d2 n30 202 1 0 1D230 0 0 391 18 DONKEY ARC BASIC
389 e2 n30 172 1 0 1E230 0 0 -21.000 392 19 LOWERBD DONBASIC
390 f2 n30 185 1 0 1F230 0 0 393 20 DONKEY ARC BASIC
391 g2 n30 172 1 0 1G230 0 0 -76.000 394 21 LOWERBD NODBASIC
392 h2 n30 178 1 0 11230 0 0 -28.000 395 22 LOWERBD DONBASIC
393 i2 n30 161 1 0 11230 0 0 -136.000 396 23 LOVERBD NONBASIC
394 j2 n30 162 1 0 13230 0 0 -22.000 397 24 LOWERBD DOIBASIC
395 k2 n30 296 1 0 X1230 0 0 398 25 DONKEY ARC BASIC
396 12 &30 298 1 0 1L230 1 298 114.000 399 26 UPPERBD DONBASIC
397 a2 u31 300 1 0 1A231 1 300 400 15 DONKEY ARC BASIC
398 b2 n31 191 1 0 1B231 0 0 401 16 IONKEY ARC BASIC
399 c2 n31 289 1 0 1C231 1 289 402 17 KEY-ARC BASIC
400 d2 n31 237 1 0 1D231 0 0 403 18 DOIKEY ARC BASIC
401 .2 n31 196 1 0 11231 0 0 -40.000 404 19 LOWERBD DONBISIC
402 f2 n31 214 1 0 1F231 0 0 405 20 DONKEY ARC BASIC
403 g2 n31 198 1 0 1G231 0 0 406 21 IONKEY ARC BASIC
404 h2 n31 205 1 0 XB231 0 0 407 22 IONKEY ARC BASIC
405 12 n31 180 1 0 11231 0 0 408 23 DONKEY ARC BASIC
406 J2 n31 182 1 0 1X231 0 0 -45.000 409 24 LOWERBD DONBASIC
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407 k2 n31 293 1 0 X1231 0 0 -328.00 410 25 LOVERBD DOIBASIC
408 12 n31 298 1 0 1L231 1 298 71.00 411 26 UPPERBD NONBASIC
409 a2 u32 300 1 0 XA232 1 300 412 15 MONKEY ARC BASIC
410 b2 n32 181 1 0 1B232 0 0 413 16 MONKEY ARC BASIC
411 c2 n32 292 1 0 1C232 1 292 414 17 KEY-ARC BASIC
412 d2 n32 221 1 0 XD232 0 0 -2.00 415 18 LOVERBD NONBASIC
413 e2 u32 185 1 0 1E232 0 0 416 19 MONKEY ARC BASIC
414 f2 332 200 1 0 XF232 0 0 417 20 MONKEY ARC BASIC
415 g2 n32 186 1 0 XG232 0 0 -54.00 418 21 LOVERBD DONBASIC
416 k2 n32 192 1 0 XH232 0 0 -6.00 419 22 LOVERBD DONBASIC
417 i2 n32 174 1 0 X1232 0 0 -115.00 420 23 LOVERBD RONBASIC
418 j2 n32 176 1 0 1J232 0 0 421 24 MONKEY ARC BASIC
419 k- n32 295 1 0 XK232 0 0 422 25 MONKEY ARC BASIC
420 12 n32 298 1 0 XL232 1 298 122.00 423 26 UPPERBD IONBASIC
421 &3 333 0 1 0 1A333 1 0 424 28 DONKEY ARC BASIC
422 b3 n33 139 1 0 1B333 0 0 425 29 MONKEY ARC BASIC
423 c3 333 47 1 0 XC333 1 47 426 30 DONKEY ARC BASIC
424 d3 333 100 1 0 1D333 0 0 427 31 DONKEY ARC BASIC
425 e3 u33 134 1 0 XE333 0 0 428 32 KEYARC BASIC
426 f3 n33 119 1 0 1F333 0 0 429 33 MONKEY ARC BASIC
427 g3 u33 132 1 0 XG333 0 0 430 34 DONKEY ARC BASIC
428 h3 n33 127 1 0 IR333 0 0 431 35 DONKEY ARC BASIC
429 i3 333 148 1 0 XI333 0 0 432 36 DONKEY ARC BASIC
430 j3 n33 144 1 0 XJ333 0 0 433 37 KE_-ARC BASIC
431 k3 a33 0 1 0 X1333 0 0 -99999775.00 434 38 LOVERBD BODBASIC
432 13 n33 0 1 0 XL333 1 0 435 39 MONKEY ARC BASIC
433 a3 334 64 1 0 XA334 1 64 436 28 DONKEY ARC BASIC
434 W3 334 64 1 0 XB334 0 0 437 29 MONKEY ARC BASIC
435 c3 334 64 1 0 XC334 1 64 438 30 DONKEY ARC BASIC
436 d3 334 64 1 0 XD334 0 0 439 31 KEY-ARC BASIC
437 .3 334 64 1 0 1E334 0 0 440 32 MONKEY ARC BASIC
438 f3 334 64 1 0 XF334 0 0 441 33 DONKEY ARC BASIC
439 g3 n34 64 1 0 XG334 0 0 -6.00 442 34 LOWERBD DONBASIC
440 h3 n34 64 1 0 1H334 0 0 443 35 BONKEY ARC BASIC
441 03 u34 60 1 0 XI334 0 0 444 36 MONKEY ARC BASIC
442 j3 n34 56 1 0 X3334 0 0 445 37 KEY-ARC BASIC
443 k3 334 64 1 0 11334 0 0 -99999775.00 446 38 LOVERBD DONBASIC
444 13 334 64 1 0 IL334 1 64 447 39 BONKEY ARC BASIC
445 a3 335 62 1 0 XA335 1 62 448 28 MONKEY ARC BASIC
446 b3 335 57 1 0 XB335 0 0 449 29 DONKEY ARC BASIC
447 c3 335 59 1 0 XC335 1 59 450 30 DONKEY ARC BASIC
448 d3 335 67 1 0 ID335 0 0 -86.00 451 31 LOVERBD DONBASIC
449 .3 335 61 1 0 XE335 0 0 452 32 DONKEY ARC BASIC
450 f3 n35 61 1 0 1F335 0 0 453 33 BONKEY ARC BASIC
451 g3 335 62 1 0 XG335 0 0 454 34 DONKEY ARC BASIC
452 h3 335 62 1 0 XB335 0 0 455 35 KEY-ARC BASIC
453 i3 335 56 1 0 11335 0 0 456 36 DONKEY ARC BASIC
454 j3 335 56 1 0 XJ335 0 0 457 37 DONKEY ARC BASIC
465 U3 335 62 1 0 X1335 0 0 -99999768.00 458 38 LOVERBD DONBASIC
456 13 335 55 1 0 XL335 1 55 459 39 DONKEY ARC BASIC
467 a3 336 60 1 0 XA336 1 60 460 28 MONKEY ARC BASIC
458 W3 336 60 1 0 IB336 0 0 -57.00 461 29 LOVERBD NONBASIC
459 c3 336 60 1 0 XC336 1 60 462 30 MONKEY ARC BASIC
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460 d3 n36 90 1 0 1D336 0 0 463 31 DONKEY ARC BASIC
461 e3 n36 60 1 0 1E336 0 0 -45.00 464 32 LOWERBD NONBASIC
462 f3 n36 90 1 0 1F336 0 0 -51.00 465 33 LOWERED NOWBASIC
463 g3 .36 90 1 0 1G336 0 0 466 34 MONKEY ARC BASIC
464 h3 u36 90 1 0 1X336 0 0 467 35 MOIKEY ARC BASIC
465 i3 n36 90 1 0 11336 0 0 468 36 KEY-ARC BASIC
466 j3 u36 60 1 0 13336 0 0 469 37 MONKEY ARC BASIC
467 k3 n36 so 1 0 1K336 0 0 -100000044.00 470 38 LOWERIED DONBISIC
468 13 .36 60 1 0 XL336 1 60 72.00 471 39 UPPERBD DONBISIC
469 a3 n37 300 1 0 XA337 1 300 472 28 MONKEY ARC BASIC
470 W3 .37 243 1 0 1B337 0 0 473 29 MONKEY ARC BASIC
471 c3 n37 244 1 0 1C337 1 244 474 30 DONKEY ARC BASIC
472 d3 n37 244 1 0 1D337 0 0 475 31 KEYIRC BASIC
473 .3 a37 222 1 0 1E337 0 0 476 32 MONKEY ARC BASIC
474 f3 n37 244 1 0 XF337 0 0 477 33 MONKEY ARC BASIC
475 g3 u37 244 1 0 1G337 0 0 478 34 MONKEY ARC BASIC
476 h3 .37 214 1 0 11337 0 0 -48.00 479 35 LOWERBD DOIBASIC
477 i3 &37 183 1 0 X1337 0 0 480 36 DONUEY ARC BASIC
478 j3 n37 243 1 0 X3337 0 0 -2.00 481 37 LOWERBD DONBASIC
479 k3 &37 244 1 0 XK337 0 0 -99999775.00 482 38 LOWERBD DONBISIC
480 13 s37 244 1 0 IL337 1 244 483 39 DONKEY ARC BASIC
481 a3 a38 214 1 0 1A338 1 214 484 28 MONKEY ARC BASIC
482 W3 .38 148 1 0 1B338 0 0 485 29 MONKEYARC BASIC
483 c3 a38 164 1 0 1C338 1 164 486 30 KEY.ARC BASIC
484 d3 n38 155 1 0 ID338 0 0 487 31 MONKEY' AC BASIC
485 .3 a38 149 1 0 IE338 0 0 -22.00 488 32 LOVERBD DONBASIC
486 f3 x38 152 1 0 XF338 0 0 -32.00 489 33 LOWERBD DONBASIC
487 g3 .38 149 1 0 10338 0 0 490 34 MONKEYARC BASIC
488 h3 .38 ISO 1 0 11338 0 0 491 35 DONKEY ARC BASIC
489 i3 n38 145 1 0 X1338 0 0 492 36 DONKEY ARC BASIC
490 j3 n38 148 1 0 13338 0 0 -26.00 493 37 LOWERBD DORBASIC
491 k3 n38 169 1 0 11338 0 0 -99993935.00 494 38 LOWERBD NONBASIC
492 13 a38 173 1 0 1I338 1 173 495 39 DONKEY ARC BASIC
493 a3 n39 300 1 0 1A339 1 300 496 28 MONKEY ARC BASIC
494 b3 .39 149 1 0 XB339 0 0 497 29 DONKEY ARC BASIC
495 c3 n39 214 1 0 1C339 1 214 498 30 DONKEY ARC BASIC
496 d3 u39 180 1 0 1D339 0 0 499 31 DONKEY ARC BASIC
497 .3 n39 154 1 0 IE339 0 0 -29.00 500 32 LOWERBD DONBASIC
498 f3 n39 167 1 0 XF339 0 0 -36.00 501 33 LOWERBD DONBASIC
499 g3 .39 158 1 0 1G339 0 0 b02 34 DONKEY ARC BASIC
500 h3 .39 159 1 0 XB339 0 0 -9.00 503 35 LOVERBD NONBISIC
501 13 x39 147 1 0 X1339 0 0 504 36 DONKEY ARC BASIC
502 j3 &39 149 1 0 13339 0 0 -58.00 505 37 LOWERBD DONBASIC
503 k3 n39 232 1 0 11339 0 0 506 38 KEYARC BASIC
504 13 n39 250 1 0 1L339 1 250 44.00 507 39 UPPERBD NODBISIC
505 a3 t40 300 1 0 1A340 1 300 . 58 28 DONKEY ARC BASIC
506 b3 .40 191 1 0 1B340 0 0 509 29 MONKEY ARC BASIC
507 c3 .4O 300 1 0 XC340 1 300 510 30 MONKEY ARC BASIC
508 d3 u40 230 1 0 XD340 0 0 511 31 MONKEY ARC BASIC
509 *3 z40 180 1 0 1E340 0 0 -95.00 512 32 LOVERBD NONBASIC
stO f3 n40 215 1 0 XF340 0 0 513 33 KEYAIRC BASIC
511 g3 u40 193 1 0 1G340 0 0 -86.00 514 34 LOWERBD NONBASIC
512 h3 n4O 182 1 0 1340 0 0 -78.00 515 35 LOVERBD NONBASIC
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513 i3 n40 179 1 0 11340 0 0 516 36 DONKEY ARC BASIC
514 j3 n40 180 1 0 XJ340 0 0 -119.00 517 37 LOVERBD NONBASIC
515 k3 n40 290 1 0 11340 0 0 -99999783.00 518 38 LOVERBD NONBASIC
516 13 n40 298 1 0 XL340 1 298 519 39 DONKEY ARC BASIC
517 a3 n41 300 1 0 1A341 1 300 520 28 DONKEY ARC BASIC
518 b3 n41 186 1 0 1B341 0 0 521 29 BONKEY ARC BASIC
519 c3 n41 284 1 0 1C341 1 284 522 30 KEY-ARC BASIC
520 d3 n41 234 1 0 ID341 0 0 523 31 DONKEY ARC BASIC
521 93 n41 199 1 0 1E341 0 0 524 32 BONKEY ARC BASIC
522 f3 n4l 211 1 0 1F341 0 0 525 33 BONKEY ARC BASIC
523 g.. n41 203 1 0 XG341 0 0 526 34 IONKEY ARC BASIC
524 h3 n41 212 1 0 XB341 0 0 527 35 DONKEY ARC BASIC
525 i3 n41 178 1 0 X1341 0 0 528 36 50K5EY ARC BASIC
526 j3 n41 179 1 0 1J341 0 0 -4.00 529 37 LOWERBD NOIBASIC
527 k3 n41 296 1 0 11341 0 0 -99999800.00 530 38 LOWERBD DOBBASIC
528 13 n41 298 1 0 XL341 1 298 116.00 531 39 UPPERBD DONBASIC
529 a3 n42 300 1 0 1A342 1 300 532 28 DONKEY ARC BASIC
530 b3 n42 144 1 0 1B342 0 0 -97.00 533 29 LOWERBD DONBASIC
531 c3 n42 192 1 0 1C342 1 192 534 30 KEY-ARC BASIC
532 d3 n42 168 1 0 XD342 0 0 535 31 DONKEY ARC BASIC
533 e3 n42 142 1 0 1E342 0 0 -63.00 536 32 LOWERBD NOWBASIC
534 f3 n42 153 1 0 1F342 0 0 537 33 BONKEY ARC BASIC
535 g3 n42 144 1 0 XG342 0 0 -4.00 538 34 LOWEREID NONBASIC
536 h3 n42 150 1 0 13342 0 0 539 35 DONKEY ARC BASIC
537 i3 n42 133 1 0 11342 0 0 540 36 BONKEY ARC BASIC
538 j3 n42 133 1 0 1J342 0 0 -96.00 541 37 LOWERBD NODBASIC
539 k3 n42 204 1 0 1K342 0 0 -99999880.00 542 38 LOWEREBD NOWBASIC
540 13 n42 228 1 0 1L342 1 228 543 39 DONKEY ARC BASIC
541 a3 n43 300 1 0 1A343 1 300 544 28 DONKEY ARC BASIC
542 b3 n43 158 1 0 1B343 0 0 545 29 BONKEY ARC BASIC
543 c3 n43 222 1 0 1C343 1 222 546 30 KEY-ARC BASIC
544 d3 n43 189 1 0 XD343 0 0 547 31 DONKEY ARC BASIC
545 e3 n43 162 1 0 1E343 0 0 548 32 BONNEY ARC BASIC
546 f3 n43 173 1 0 IF343 0 0 549 33 DONKEY ARC BASIC
547 g3 n43 164 1 0 1G343 0 0 550 34 DONKEY ARC BASIC
548 h3 n43 168 1 0 X1343 0 0 551 35 DONKEY ARC BASIC
549 i3 n43 155 1 0 XI343 0 0 552 36 BONKEY ARC BASIC
550 j3 n43 153 1 0 1J343 0 0 -54.00 553 37 LOWERBD NOWBASIC
551 k3 n43 251 1 0 11343 0 0 -99999849.00 554 38 LOVERBD DOEBASIC
552 13 n43 300 1 0 1L343 1 300 94.00 555 39 UPPERBD NOBBASIC
553 a3 n44 300 1 0 1A344 1 300 556 28 DONKEY ARC BASIC
554 b3 n44 182 1 0 1B344 0 0 557 29 DONKEY ARC BASIC
555 c3 n44 290 1 0 IC344 1 290 558 30 KEY-ARC BASIC
556 d3 n44 226 1 0 1D344 0 0 559 31 DONKEY ARC BASIC
557 e3 n44 188 1 0 I1E344 0 0 560 32 DONKEY ARC BASIC
558 13 n44 206 1 0 1F344 0 0 561 33 DONKEY ARC BASIC
559 g3 n44 191 1 0 1G344 0 0 562 34 DONKEY ARC BASIC
560 h3 n44 196 1 0 XH344 0 0 563 35 DONKEY ARC BASIC
561 13 n44 173 1 0 11344 0 0 564 36 DONKEY ARC BASIC
562 j3 n44 176 1 0 13344 0 0 -122.00 565 37 LOWERBD NOBBASIC
563 k3 n44 294 1 0 11344 0 0 -99999884.00 566 38 LOWERBD NOWBASIC
564 13 n44 297 1 0 1L344 1 297 567 39 DONKEY ARC BASIC
565 a3 n45 300 1 0 XA345 1 300 262.00 568 28 UPPERBD NOWBASIC
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566 W3 n45 182 1 0 1B345 0 0 -98.00 569 29 LOWERBD NONBASIC
567 c3 n45 288 1 0 1C345 1 288 570 30 KEY-ARC BASIC
568 d3 n45 226 1 0 ID345 0 0 571 31 DONKEY ARC BASIC
569 .3 n45 186 1 0 IE345 0 0 -58.00 572 32 LOWERBD DONBASIC
570 f3 n45 200 1 0 IF345 0 0 573 33 DONKEY ARC BASIC
571 g3 n45 187 1 0 XG345 0 0 574 34 DONKEY ARC BASIC
572 h3 n45 194 1 0 X1345 0 0 575 35 DONKEY ARC BASIC
573 03 n45 173 1 0 X1345 0 0 -90.00 576 36 LOWERBD DOUBASIC
574 j3 n45 176 1 0 13345 0 0 -92.00 577 37 LOWERBD NONBASIC
575 k3 n45 292 1 0 I1345 0 0 -99999797.00 578 38 LOWERBD NONBASIC
576 13 n4S 297 1 0 XL345 1 297 30.00 579 39 UPPERBD NOIBASIC
577 a3 M46 300 1 0 IA346 1 300 580 28 DONKEY ARC BASIC
578 3 n46 164 1 0 1B346 0 0 -148.00 581 29 LOWERBD NONBASIC
579 c3 n46 236 1 0 1C346 1 236 582 30 KEYARC BASIC
580 d3 r.46 194 1 0 ID346 0 0 583 31 1OKEY ARC BASIC
581 .3 n46 167 1 0 XE346 0 0 -109.00 584 32 LOWERBD NONBASIC
582 f3 n46 182 1 0 1F346 0 0 585 33 DONKEY ARC BASIC
583 g3 n46 168 1 0 1G346 0 0 -51.00 586 34 LOWERBD NOIBASIC
584 h3 n46 174 1 0 XB346 0 0 -87.00 587 35 LOWERBD DONBASIC
585 i3 n46 168 1 0 11346 0 0 588 36 DONKEY ARC BASIC
586 j3 n46 160 1 0 1J346 0 0 -140.00 589 37 LOWERBD DONBASIC
587 k3 n46 271 1 0 XK346 0 0 -99999803.00 590 38 LOWERBD NONBASIC
588 13 n46 299 1 0 XL346 1 299 591 39 IONKEY ARC BASIC
589 a3 n47 300 1 0 1A347 1 300 592 28 DONKEY ARC BASIC
590 W3 n47 149 1 0 IB347 0 0 593 29 DONKEY ARC BASIC
591 c3 n47 199 1 0 IC347 1 199 594 30 KEY-ARC BASIC
592 d3 n47 172 1 0 ID347 0 0 595 31 DONKEY ARC BASIC
593 e3 n47 148 1 0 1E347 0 0 -58.00 596 32 LOWERBD IONBASIC
594 f3 n47 161 1 0 XF347 0 0 597 33 DONKEY ARC BASIC
595 g3 n47 149 1 0 IG347 0 0 598 34 DONKEY ARC BASIC
596 h3 n47 154 1 0 1347 0 0 -37.00 599 35 LOWERBD IOIBASIC
597 i3 n47 141 1 0 11347 0 0 600 36 DONKEY ARC BASIC
598 j3 n47 144 1 0 13347 0 0 -86.00 601 37 LOWERBD NODBASIC
599 k3 n47 215 1 0 X1347 0 0 -99999789.00 602 38 LOWERBD DONBASIC
600 13 n47 230 1 0 XL347 1 230 1.00 603 39 UPPERBD DONBASIC
601 a3 n48 165 1 0 XA348 1 165 186.00 604 28 UPPERBD NONBASIC
602 W3 n48 159 1 0 1B348 0 0 605 29 DOIKEY ARC BASIC
603 c3 n48 165 1 0 IC348 1 165 606 30 NONKEY ARC BASIC
604 d3 n48 165 1 0 XD348 0 0 607 31 DONKEY ARC BASIC
605 e3 n48 155 1 0 XE348 0 0 608 32 DONKEY ARC BASIC
606 f3 n48 163 1 0 IF348 0 0 609 33 NONKEY ARC BASIC
607 g3 u48 158 1 0 IG348 0 0 610 34 DONKEY ARC BASIC
608 h3 n48 162 1 0 I1348 0 0 611 35 DONKEY ARC BASIC
609 13 n48 147 1 0 11348 0 0 612 36 DONKEY ARC BASIC
610 j3 n48 155 1 0 1X348 0 0 613 37 IONKEY ARC BASIC
611 k3 n48 165 1 0 X1348 0 0 614 38 KEY-ARC BASIC
612 13 n48 165 1 0 1L348 1 165 615 39 DONKEY ARC BASIC
613 t 81 0 99999999 0 ITSI 48 0 1 88 KEY-ARC BASIC
614 t x2 0 99999999 0 ITS2 48 0 14 88 KEY.ARC BASIC
61s t a3 0 99999999 0 ITS3 48 0 27 88 KEY-ARC BASIC
616 nOl t 0 3 0 OIlT D 3 0 257.00 616 40 UPPERBD DODBASIC
617 n02 t 0 3 0 X02T D 3 0 617 41 NONKEY ARC BASIC
618 n03 t 0 3 0 103T D 3 0 618 42 IONKEY ARC BASIC
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619 nO4 t 0 3 0 104T D 3 0 619 43 ROIKEY ARC BASIC
620 nOS t 0 3 0 105T D 3 0 27.000 620 44 UPPERBD NOBBASIC
621 nO6 t 0 3 0 X06T D 3 0 621 45 NONKEY ARC BASIC
622 nO7 t 0 3 0 X07T D 3 0 4.000 622 46 UPPEJBD FOJBASIC
623 n08 t 0 3 0 X08T D 3 0 623 47 lOlIIY ARC BASIC
624 nO9 t 0 3 0 X09T D 3 0 55.000 624 48 UPPEIBD KONBASIC
625 nlO t 0 3 0 IOT D 3 0 625 49 NOIKEY ARC BASIC
626 nll t 0 3 0 X11T D 3 0 73.000 626 50 UPPER.BD NONBASIC
627 n12 t 0 3 0 112T D 3 0 627 51 NONKEY ARC BASIC
628 n13 t 0 3 0 113T D 3 0 628 52 NORKEY ARC BASIC
629 n14 t 0 3 0 114T D 3 0 629 53 ONKEY ARC BASIC
630 n15 t 0 3 0 115T D 3 0 630 54 REY-ARC BASIC
631 n16 t 0 3 0 X16T D 3 0 89.000 631 55 UPPEI.BD NOIBASIC
632 n17 t 0 3 0 X17T D 3 0 632 56 IOUKEY ARC BASIC
633 n18 t 0 3 0 118T D 3 0 41.000 633 57 UPPERBD NONBASIC
634 n19 t 0 3 0 119T D 3 0 135.000 634 58 UPPEXBD NONBASIC
635 n20 t 0 3 0 120T D 3 0 60.000 635 59 UPPERBD NOIBASIC
636 n21 t 0 3 0 121T D 3 0 200.000 636 60 UPPERLBD NONBASIC
637 n22 t 0 3 0 122T D 3 0 190.000 637 61 UPPEIBD NORBASIC
638 n23 t 0 3 0 123T D 3 0 260.000 638 62 UPPEIBD NOIBASIC
639 n24 t 0 3 0 124T D 3 0 239.000 639 63 UPPEIBD NONBASIC
640 n25 t 0 3 0 257T D 3 0 210.000 640 64 UPPENBD NONBASIC
641 n26 t 0 3 0 126T D 3 0 155.000 641 65 UPPEIBD NONBASIC
642 n27 t 0 3 0 127T D 3 0 150.000 642 66 UPPEmBD NOnBASIC
643 n28 t 0 3 0 128T D 3 0 300.000 643 67 UPPEXBD VOUBASIC
644 n29 t 0 3 0 129T D 3 0 222.000 644 68 UPPELBD NOnBASIC
645 n30 t 0 3 0 X30T D 3 0 184.000 645 69 UPPEIBD IONBASIC
646 n31 t 0 3 0 131T D 3 0 227.000 646 70 UPPEFBD IONBASIC
647 n32 t 0 3 0 132T D 3 0 176.000 647 71 UPPEBD NONBASIC
648 n33 t 0 3 0 133T D 3 0 201.125 648 72 UPPEIBD NONBASIC
649 n34 t 0 3 0 X34T D 3 0 265.125 649 73 UPPERBD INBUASIC
650 n35 t 0 3 0 X35T D 3 0 256.125 650 74 UPPEFBD NONBASIC
651 n36 t 0 3 0 136T D 3 0 189.125 651 75 UPPER.BD NONBASIC
662 u37 t 0 3 0 137T D 3 0 445.125 652 76 UPPEKBD NOIBASIC
653 n38 % 0 3 0 138T D 3 0 374.125 653 77 UPPEIBD NONBASIC
654 n39 t 0 3 0 X39T D 3 0 407.125 654 78 UPPERBD IONBASIC
655 M40 t 0 3 0 140T D 3 0 499.125 655 79 UPPEIBD NOMBASIC
656 n41 t 0 3 0 141T D 3 0 383.125 656 80 UPPERBD NONBASIC
657 n42 t 0 3 0 142T D 3 0 429.125 657 81 UPPERBD NONBASIC
658 n43 t 0 3 0 143T D 3 0 407.125 658 82 UPPERBD BONBASIC
659 n44 t 0 3 0 144T D 3 0 498.125 659 63 UPPERED NONBASIC
660 a45 t 0 3 0 X45T D 3 0 468.125 660 84 UPPERBD NONBASIC
661 n46 t 0 3 0 146T D 3 0 500.125 661 85 UPPERBD NOIBASIC
662 n47 t 0 3 0 147T D 3 0 430.125 662 86 UPPEU.BD NONBASIC
663 n48 t 0 3 0 148T D 3 0 366.125 663 87 UPPERBD NONBASIC
664 0 99999999 0 IS1A2 16 0 0 NONKEY BASIC

30845
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Appendix X. Linear Programming Formulation of Network With Gains

Maximize
20rz,,o + 2 2 z1,,u + 24x,,12 + 21x1,13

+23X2,10 + 19X2,11 + 28X2,12 + 22X2,13
+27Z3,10 + 2 3 T3,11 + 21X3,12 + 25X3,13
+21X4,14 + 27X4,15 + 25x4,16 + 21X4,17

+21X5,14 + 23x5,15 + 2 3 x5,16 + 23x5,17

+19X6,14 + 28X6,15 + 26x6,16 + 26x6,17

+28z7,18 + 24X7,19 + 23X7,20 + 22X7,21
+24zs,38 + 23£s,19 + 23x8,20 + 19X8,21
+26z 9 ,1s + 22x9,19 + 22x9,20 + 19X9,21

All other arcs have a weight of zero.

Subject to:

Xs,I + Xs,2 + Xs,3 - p = 0

X1,1O + X1,11 + X1,12 + Z1,13 + Z1,4 - 5 =,,1 = 0

X2,10 + X2,11 + X2,12 + X2,13 + Z2,5 - 5X,,2 = 0

X3, 10 + X3,11 + X3,12 +Z3,13 + X3,6 - 5X,,3 = 0

X4,14 + X4,15 + X4,16 + X4,17 + X4,7 - 5
xi,4 = 0

X5,14 + X5,15 + X5,16 + X5,17 + X5,8 - 5X2,5 = 0

X6,14 + X6,15 + X6,16 + £6,17 + X6,9 - 5X3,6 = 0

X7,18 I-+ 7,19 + £7,20 + X7,21 - 4X4,7 = 0

X8,18 + £8,19 + £8,20 + £8,21 - 4X5,8 = 0
X9,18 + X9,19 + X9,20 + X9,21 - 4X6,9 = 0

X.,10 + X2,10 + X3,10 - X10,1 = 0

1I, 1I + £2,11 + X3,f1 - -ll,9 = 0

Xl,12 + £2,12 + X3,12 - X12,t = 0

£1,13 + X2,13 + X3,13 - X13,- = 0

X4,14 + £5,14 + X6,14 - £14,- = 0

X4,15 + X5,15 + X6,15 - £15,t = 0

X4,16 + £5,16 + X6,16 - XI6,t = 0

X4,17 + £5,17 + X6,17 - XT17, = 0

£7,18 + X8,18 + X9,18 - 18,t = 0

X7,19 + £8,19 + X9,19 - X19,j = 0

£7,20 + £8,20 + X9,20 - X20,t = 0

£7,21 + X8,21 + £9,21 - X21,t = 0

9P- IO,t - XIl,t - Xl2,t - £13,t -- 14,t - X15,t -X 16,t -- 17,t - XiS,t 1,t -- 20,t - X21,t = 0

p=l

Source-Connector Flows
X",1 < 1

,, 2 <_ 1
X,,3 < 1

X-1



Sink-Connector Flows
xloe, - p-0
z11,t - p 0

X2t- P= 0
X3t- P = 0

X14,t - P = 0
15t- p= 0

X16,t - P = 0
X17,t - P = 0

18t- p = 0
X9t- p = 0
X0t- P = 0

X21,t - P = 0

X-2



Equi-Distribution of Flow
X1,10 - Xs,I =0

X1,11 - Xs,1 = 0

X1,12 - X.s,I = 0

X1,13 - Xsj = 0

X1,4 - Xs,l 0

X2,10 - Xs,2 0

X2,11 - Xs,2 0

X2,12 - Xs,2 0

X2,13 - Xs,2 0

X2,5 - Xs,2 - 0
X3,10 - X,,3 = 0

X3,11 - Xi,3 = 0
X3,12 - £s,3 = 0

X3,13 - Xs,3 = 0

X3,6 - Xj,3 - 0
X4,14 - X3,4 0

X4,15 - Xs,4 = 0

X4,16 - X.s,4 0

X4,17 - Xs,4 = 0
X4,7 - Xs,4 = 0
X5,14 - Xs,5 = 0

X5,15 - X£,5 = 0

£5,16 - s,5 -= 0

X5,17 - XS,5 = 0

X5,8- X,5 = 0
X6,14 - Xs,6 = 0

X6,15 - X,,6 - 0
X6,16 - Xs,6 = 0

X6,17 - X£,,6 - 0

X6,9 - Xs,6 = 0
X7,18 - Xs,7 = 0

X7,19 - X,,7 = 0

X7,20 - Xs,7 = 0

X7,21 - X..,7 = 0

X8,18 -- ,8 - 0

X8,19 -- X,8 = 0

X8,20 X,8 = 0

X8,21 - £,8 0

X9,18 - xs, -= 0

X9,19 - X£3 = 0

X9,20 - 3s,9 - 0

X9,21 - Xs,9 = 0

X-3



Bibliography

1. Batta, R., J.M. Dolan, and N.N. Krishnamurthy. "The Maximal Expected Covering Location
Problem: Revisited," Transportation Science, 23: 277-287 (November 1989).

2. Bate, Roger R., Donald D. Mueller, and Jerry E. White. Fundamentals of Astrodynamics. New
York: Dover Publications, Inc., 1971.

3. Bazaraa, M.S., J.J. Jarvis, and H.D. Sherali. Linear Programming and Network Flows. New
York:: John Wiley & Sons, Inc. 1990.

4. Beusch, J. and I. Kupiec, "NASA Debris Environment Characterization with the Haystack
Radar," Proceedings of the AIAA, NASA, and DOD Orbital Debris Conference: Technical
Issues and Future Directions 16-19 April, 1990. Preprint of AIAA Paper 90-1346, April, 1990.

5. Bohannon, G.E. and N.A. Young, "Verification and Validation of Algorithms for Obtaining
Debris Data Using High Frequency Radars," Proceedings of the AIAA Space Programs and
Technologies Conference, 25-28 September, 1990. Preprint of AIAA Paper 90-3869, September,
1990.

6. Chan, Yupo. Class handout distributed in OPER 767, Networks and Combinatorial Optimiza-
tion. School of Engineering, Air Force Institute of Technology (AU), Wright-Patterson AFB
OH, July 1992.

7. Chan, Yupo. Facility Location and Land Use. Unpublished; forthcoming from McGraw Hill,
New York.

8. Chan, Yupo, Pierre J. Forgures, and T.S. Kelso. "Network-With-Gains Solutions to a Mean-
Variance Location Problem: Two Variants to the Generalized P-Median Model." Unpublished
article, draft, June1992.

9. Church, R. and C. ReVelle, "The Maximal Covering Location Problem," Papers of the Regional
Science Association, 32: 101-117 (1974)

10. Cornuejols, G. et al. "A comparison of heuristics and relaxations for the Capacitated Plant
Location Problem," European Journal of Operational Research, 50: 280-297 (February 1991).

11. Daskin, Mark S. "A Maximum Expected Covering Location Model: Formulation, Properties
and Heuristic Solution," Transportation Science, 17: 48-70 (February 1983).

12. Erkut, Erhan and Susan Neuman. "Analytical models for locating undesirable facilities," Eu-
ropean Journal of Operational Research, 40: 275-291 (March 1989).

13. Forgues, Major Pierre J. The Optimal Location of GEODDS Sensors in Canada. MS the-
sis, AFIT/GSO/ENS/91M-1. School of Engineering, Air Force Institute of Technology (AU),
Wright-Patterson AFB OH, February 1991.

14. Hakimi, S. "Optimal Location of Switching Centers and the Absolute Center and the Medians
of a Graph," Operations Research, 12: 450-459 (1964).

15. Jeffrey, LCol G.I., Directorate of Air Requirements. Personal Interviews. National Defence
Headquarters, Ottawa Canada, 6 August through 8 August 1990.

16. Jensen, Paul A. MICROSOLVE Network Flow Programming. IBM-PC Student Version Soft-
ware and User Manual. Oakland, California: Holden-Day, Inc., 1985.

17. Juel, Henrik and Robert F. Love. "A Geometrical Interpretation of the Existing Facility So-
lution Condition for the Weber Problem," Journal of the Operational Research Society, 37:
1129-1131 (December 1986).

18. Kelso, T.S. Assistant Professor of Space Operations. Personally Developed Satellite Pass
Scheduling Software. School of Engineering, Air Force Institute of Technology, Wright Pat-
terson AFB, Ohio, December 1990.

BIB-1



19. Kennigton, J.L., and R.V. Helgason. Algorithms for Network Programming. New York: Wiley
Interscience, 1980.

20. "LP83/MIP83 - A Professional Linear and Mixed Integer Programming System". Version
Number 5.00. San Marino, California: Sunset Software, June 1985.

21. Mensa, Dean L. High Resolution Radar Cross- Section Imaging. Boston: Artech House, Inc.
1991.

22. Mirchandani, P.B. and A.R. Odoni. "Location of Medians on Stochastic Networks," Trans-
portation Science, 13: 85-97 (January 1979).

23. Nemhauser, George L. and Laurence A. Wolsey. Integer and Combinatorial Optimization. New
York: John Wiley & Sons, Inc. 1988.

24. Roddy, Dennis. Satellite Communications. Englewood New Jersey: Prentice Hall, 1989.

25. SAS Institute Inc. SAS/OR User's Guide, Version 6, 1st Edition. Cary, NC, 1989.

26. Skolnik, Merrill L. Introduction to Radar Systems. New York: McGraw-Hill, Inc. 1980.

27. Toregas, C. and C. ReVelle, "Optimal Location Under Time and Distance Constraints," Papers
of the Regional Science Association, 28: 133-143 (May 1972)

28. United States Space Command. Space Surveillance Network Tactical Requirements. UR 55-12.
Colorado Springs HQ USSPACECOM, 1 November 1988.

29. Wehner, Donald R. High Resolution Radar. Norwood, Massachusetts: Artech House, Inc. 1987.

BIB-2



Vita
Captain William George Schick was born on December 12, 1956. He graduated at the top

of his class from Central High School in Moose Jaw, Saskatchewan in June of 1975. He attended
Royal Roads Military College (RRMC) from August 1975 to May 1977 and the Royal Military
College of Canada (RMC) from August 1977 to May 1979. Upon graduation with a Bachelor of
Engineering in Chemical Engineering, he was presented with his commission. After a year of pilot
training Capt Schick recieved his wings on helicopters in October 1980. His first tour was on CH-
135's as a Base Rescue pilot at CFB Cold Lake, Alberta. In July of 1981, he married the former
Judy Ann Arnold of Richmond, Indiana. Captain Schick was promoted to his present rank May
1, 1982. In August of 1984 he was transferred to 424 Transport and Rescue Squadron as a Search
and Rescue pilot. Capt Schick entered the United States Naval Test Pilot School in January 1986
and upon graduation in December 1986 as a Qualified Test Pilot was transferred to the Aerospace
Engineering Test Establishment (AETE) at CFB Cold Lake, Alberta. After four and one-half years
of flight testing, Capt Schick entered the School of Engineering, Air Force Institute of Technology,
Wright-Patterson AFB, Ohio.

Permanent address: Moose Jaw, Saskatchewan,
Canada

VITA-1



`0 21 11 RR

-. ' , . ? •bH .

Deceinber 1992 Master's Thesis

I "" ioý, if.: ; r4Ut IIERS

LOCATING AN IMAGING RADAR IN CANADA FOR IDENTIFYING
SPACEBORNE OBJECTS

William G. Schick, Captain, CF

. ( 'X'!l•; ' , 83, , r AIt.,• 'I(' '0 ;If•i11(:) ,ij, ý .J 1ý ) 8. PERFORMING ORGANIZATION

Air Force Institute of Technology, WPAFB OH 45433-6583 REPORT NUMBER

A FIr/GSO/ENS/E'NY/92D-13

* 9. , r /rI(;iI I tl-'Iri'; r"; ' ° " u ;- i (i ) w ' )o"r SS'F;) A 10. SPONSORING / MONITORING

National Defence Headquarters AGE!JCY REPORT NUMBER

Directorate of Air Operations and Training
Ottawa, Canada
K1A 0K2

11. 5kIl'I-I1 r.EfIJlAIry 1•101 i'5

12a. I)I•| IRItIlION I AVAI II IItiY ,IAIEIfh-tli 12b. )ISTRIBUTION CODE

Approved for publdic rehease; distribiution unlinited

This research presents a study of the maximal coverage p-median facility location problem as applied to the
location of an imaging radar in Canada for imaging spaceborne objects. The classical mathematical formulation
of the maximal coverage p-median problem is converted into network-flow with side constraint formulations that
are developed using a scaled down version of the imaging radar location problem.
Two types of network-flow with side constraint formulations are developed: a network using side constraints that
simulates the gains in a generalized network; and a network resembling a multi-commodity flow problem that
uses side constraints to force flow along identical arcs. These small formulations are expanded to encompass a
case stiidy uising 12 ralndidale radar sites, and 48 satellites divided inl.o three stal-es. SAS/Oll Pl(-C NI'1'EFILOW
was ilsed to solve the iietwork-flow with side constraint formulations.
'Th case study shows the potential for both. formulations, although the simulated gains forniulat, ioi1 encountered
singular imatrix computational dillicuilties as a result of the very organized nature of its side constraint matrix.
The multi-commodity flow formulation, when combined with equi-distribution of flow constraints, provided
solutions for various values of p, the number of facilities to be selected.

14. SUBIF(I" IERW4AS 15. NUMBER OF PAGES

Facility Location, Imaging Radar, Mathematical Programming, Networks With Side 240
Constraints 16. PRICE CODE

r-?.' Iv I fAV,"II I/F "i 'I: , I/a,, I ,' I Il)J |19. SIA.UIIIIIY ILASSIII-AlION 20. LIMIIAIION OF ABSTRACT
L ,,), IM1,, PrAI oFr A^STRACT

.Unclassified . Unclassified U nclassified UL

lu t0 rlItd Ft ,1'1 or r 'M'PV 2 89)

P': , •( V ,


